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ABSTRACT 


General Purpose Graphic Language (GPGL) is an inter- 
active language which is intended for both two-dimensional 
and three-dimensional displays. The thesis contains a 
survey of the attributes and capabilities of an interactive 
general purpose graphic femeugce. The more popular general 
purpose graphic languages are compared and the results 
included. The system and user-defined functions (including 
the construction of user-defined functions) of GPGL are 
explained. The implementation of a subset of GPGL at the 
Naval Postgraduate School on an Adage AGT-10 graphics 
terminal is described. ‘The main purpose of implementing a 
selected subset of functions from GPGL is to examine the 
tri-level hierarchy established within the components Ot 
the graphical display; the manner in which this hierarchy 


1S implemented is addressed in the thesis. 
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be INTRODUCTION 


With the advent of the digital computer and the expansion 
of the multitude of applications for the One the field 
of "Computer Graphics" has become of prime importance. 
Computer graphics refers to the use of a display device 
(usually a cathode ray tube) with auxiliary devices connected 
on-line to a computer. The cathode ray tube or other dis- 
play device is used for graphic communications with the 
computer [1]. Computer graphics really came rece rig 6 3 
when Sutherland used his Sketchpad graphic system to 
demonstrate the designing of varios linkages and the 
agalysis Of the structural stress in a bridge. 

As the years have passed and the uses for computer 
graphics have increased at almost an exponential rate, the 
need for a graphic language or languages has increased 
proportionally, therefore, the number of graphic languages 
Since Sutherland's demonstration of the feasibility of 
computer graphics has greatly increased in the last eight 
years. These graphic languages range from extensions of 
common high-level programming languages (e.g., FORTRAN, 
ALGOL, etc.) to many highly specialized graphic languages 
which are designed to be used in only one area of application. 
Naturally, interest has been generated in general purpose 
graphic languages which could be used to assist in the many 


applications which require or use computer graphics. 





ihe pumpose of this thesis as threefold: 
(1) To discuss certain considerations taken into account 
in selecting and designing the model language; 
(2) To present General Purpose Graphic Language (GPGL); 
(3) To discuss the implementation of General piitgualSia 
Graphic System (GPGSY), a basic subset of GPGL. 

It was determined that GPGL would be, as much as possible, 
hardware independent. The only real hardware requirements 
in addition to a digital computer is that the hardware included 
a display device (general requirement for computer graphics), 
which is normally a cathode ray tube, some type of input/ 
output attention device, (e.g., a light pen, mouse, joy stick 
etc.,)and a teletypewriter. Some type of input/output 
attention device and teletypewriter are normal components 
of a computer graphics system. It is intended that the 
GPGL be able to be implemented in its entirety (which will 
not be feasible in many cases because of the anticipated 
large core memory and/or auxiliary memory requirements) 
Or partially implemented by selecting a desired Sunsee as 
was accomplished at the Naval Postgraduate School. GPGL was 
designed to be extendable, meaning the user can develop more 
complex functions if he desires in accordance with his 
Own programming skills. Lastly, GPGL is designed so that 
it can be utilized by students who have little or no pro- 
gramming experience or knowledge. 

The thesis is Gaceee into three parts. First, this 


thesis deals with the considerations taken into account in 





determining GPGL. This includes a brief look at the 
development of graphic eae what a graphic language 
is, and the more important attributes required of a general 
purpose graphic language. The latter includes a selection 
of the graphic capabilities which are required in a Peni 
language. The second part covers the functions of GPGL 
with the necessary description of what the specific functions 
accomplish, the inputs required for the function, and ex- 
amples demonstrating how the language could be used. The 
last section deals with the implementation of GPGSY, an 
actual subset selected from GPGL, the directions for the 
use of the GPGSY, some examples of its use, and some of the 
more important matters considered in the implementation 
phase. The Computer Program used to accomplish the 


implementation 1s appended for further reference. 
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II. CONSIDERATIONS IN DESIGNING THE LANGUAGE 


A. THE DEVELOPMENT OF GRAPHIC LANGUAGES 

Graphic languages have not developed as rapidly as the 
more familiar programming languages. Probably the first 
uses of graphics were made in the early 1950's with the 
Whirlwind computer. In 1955, the APT (Automatically Programmed 
Tools) language was demonstrated on the Whirlwind. Even 
though APT 1s a specialized programming language, it does 
have the ability to be used in conjunction with computer 
graphics [2]. After 1957 when FORTRAN became povular as 
a normal programming language, and as computer graphics 
grew, it was natural for FORTRAN to be extended for computer 
graphics. This was done through the language GRAF [3]. As 
ALGOL became popular it was also extended for computer 
graphics under the name AED (ALGOL Extended For Design) [4]. 
Still in the development states at The Rand Corporation is 
an extension to a conversational subset of PL/I which could 
be used for computer graphics. The latter would give the 
user the ability to program in a conversational mode in 
the more powerful PL/I language [5]. 

An even more popular approach was the development of 
system graphic subroutines. At first these were designed 
to be used exclusively with FORTRAN. Examples of these are 
GSP [6] and DISPLAYTRAN [7]. IGS (Integrated Graphics 


System) was developed by The Rand Corporation and is a 





subroutine package which the user can use with FORTRAN, PL/I 
or any of the other languages which have standard IBM 
Operating System/360 linkages [8]. 

Many other graphic languages were developed independently 
from the normal high-level programming languages. The early 
computer graphics system took the direct approach to 
"syntactic" representation, that is the display itself 
constituted sufficient representation [9]. As such, the 
dynamic graphical languages of SKETCHPAD [10] and CADET 
(Computer Aided Design Experimental Translator) [ll] had a 
syntax of FUNCTION, BUTTON1, FUNCTION, BUTTON2 where 
FUNCTION was the selection of a function and BUTTON was the 
designation of the parameters of the function. This type 
of description was hard-to explain and understand and is 
obviously very hardware-oriented. CADET is of interest 
because it demonstrated for the first time that a dynamic 
graphical language could be handled in the same manner as 
a verbal programming language. By developing a data 
structure of the binary tree type and by uSing a precedence 
table with many precedence pointers, the originators of 
G2BET illustrated they could display a picture from data 
structure information. They showed that the process of 
constructing a display list to generate a display on a CRT 
from a data structure is analogous to the generation by a 
compiler of specific machine code instructions from source 
code statements [11]. More Hecenuly, Graphic Languages 


have also used metacompilers, compilers, interpreters, and 
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subroutine calls. The question of which to use will be 
examined in more detail later. 

Many specialized graphic languages have been developed 
to handle specific application eee. CAFE is a language 
which was specifically designed to be used in the making of 
motion pictures and uses SNOBOL to handle the conversational 
mode between the user and the computer and to construct the 
data structure. FORTRAN is used to process the final data 
structure and perform the perspective transformations [12]. 
BUGSYS [13] and PDL [14] are languages or systems specifically 
designed to analyze and process pictures. These are just 
two of many specialized languages. 

Only a few general purpose languages have been developed 
independently from the high-level programming languages. 
One of these languages was developed by Kulsrud 15]. 
Kulsrud's language is not only designed to construct dis- 
plays, but is specifically designed to handle both topological 
and pictorial analysis. Kulsrud's general purpose language 
with its metacompiler is a good representative language of 


the present state of the art. 


B. DEFINITION OF A GRAPHIC LANGUAGE 

In the preceding paragraphs numerous references have 
been made to graphic languages which actually refer to 
graphic systems in toto (e.g., Sketchpad, IGS). In another 
case a translator,: CADET, was referred to as a language. 


This ambigious definition of a graphic language is common 
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thgeughout the field of computer graphics. Morrison states: 


"The term "graphic language" has been used 
ambiguously, in the literature, to describe 
at least three different types of language 
used in graphic processing. 
1. The input stream is in the form of 
actions taken by a console operator. 
a. draw with light pen 
b. type names and numbers 
@e pach buétons 
dad. light pen references of objects 
on the screen 
A language translator translates these actions 
into invocations of appropriate procedures. These 
procedures perform requested actions and pro- 
vide displayed feed back to the user. 
2. Input is in the form of pictures exist- 
ing on film or other media. In this 
case, the language translator is a 
pattern recognizer which recognizes 
and extracts meaning from these pic- 
MT Se. 
3. A set of programming tools (functions 
and subroutines) are embedded in a 
"host" language (e.g. FORTRAN). Using 
these tools lightens the load of the 
graphic system." [16] 


When complete graphic systems are referred to, more than 
just the graphic language is included. Sketchpad, which is 
a program written for the TX-2 computer, is a complete 
system, not just a graphic language. It includes a com- 
plicated, ring-type data structure. The many different 
types and forms of data structures which can be used in 
implementing a graphic language comprise a separate subject, 
which is of sufficient importance and complexity to have 
warranted many studies in itself. But as Kulsrud stated, 
"Although the problem of data structure is a central one for 
graphics, it should not affect the graphic language design 


directly." Data structures are not a part of the graphic 
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language itself, but rather a component of a graphic system 
which is needed to implement the graphic eneneaee Kulsrud 
further asserted that a complete graphic system would 
puabably contain two Or more different "data structure 
types [15]. The Sketchpad system also makes use of the many 
buttons, knobs and toggle switches on the TX-2 computer. 
Although the order required in the selection of these hard- 
ware input devices determines the syntax of the dynamic 
graphic language used, the hardware and its input devices 
are not part of the actual language. Thus, when a graphic 
system is referred to, it implicitly determines a graphic 
language, but also includes additional components used to 
implement the language. Because of this, graphic systems 
are commonly referred to as graphic languages, and different 
graphic systems and graphic languages are often compared. 

In order to clarify the situation, the author has 
Supplemented a dictionary definition of language to define 
a graphic language for computers. The definition is the 
following: "a set or system of symbols or operations which 
can be used in a more or less uniform fashion to describe, 
generate and manipulate graphic displays on an input/output 
device which utilizes a digital computer to accomplish the 
necessary processing." This definition is felt to be adequate, 
but it is recognized that many other suitable definitions 


could be written. 
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C. A GENERAL PURPOSE VERSUS SPECIAL PURPOSE GRAPHIC LANGUAGE 

There is some controversy whether one general pur- 
pose graphic language or many special purpose graphic 
languages are needed to accomplish the many and varied 
applications for computer graphics. some leading scholars 
in the field believe that a specialized language is required 
for each application area if the graphic language is required 
for more than just drawing pictures [17]; [16]. Others feel 
that a language of utmost generality should be developed 
that permits its own modification [18]. There is, however, 
general agreement that a general purpose graphic language 
should have the capability of accomplishing more than just 
drawing a picture. 

Since the uses for computer graphics are only 
limited by the imagination of man, any general purpose 
language, which was expected to be all-inclusive, would 
have to be used in the areas of computer-aided design, in 
drafting, in the design and analysis of electronic circuits, 
in the analysis of structural engineering, in numerical 
Gemerol ihn Manufacturing, in the field of simulation, in 
the interpretation of pictures and the list would continue 
EO Grew On and on. 

Notely stated that any display can be drawn theoretically 
by just three basic drawing commands (draw, rotate and move), 
but quickly adds that for most applications this method may 


be too cumbersome [19]. So, much more than just drawing 
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puerunes ismeequimed and the appiicateens are so varied 

that any one language that attempted to handle all applications 
would have to be either as basic as machine ieee which 

is too cumbersome to use, or contain so many commands or 
procedures that it would take an extremely large storage 
Capacity to implement. For example, Streit's VIP system 

which was designed only to draw displays took over 27,000 
60-bit words to implement. 

In the present state of the art, any so called high- 
level programming language, which is considered to be general 
purpose because it was designed to handle so many different 
areas of applications, such as PL/I, can not be efficiently 
or easily used for list processing, Simulation and other 
specialized applications. Specialized languages have been 
developed to handle these more specialized applications. 

When a program is processed that utilizes only = small sub- 
set of the PL/I compiler, the efficiency, in regards to both 
time and storage of the utilization of the computer, is low. 
This is due to the fact that the PL/I compiler requires a 
larger amount of storage and takes longer to compile than 
many less complex compilers. All of the so-called general 
purpose, high-level programming languages, do have a common 
basic subset of capabilities which include data description 
and data transformation. Ina Similar manner, no one graphic 
language can be sufficiently general purpose to handle all 
applications. eatessccuy, any general purpose graphic language 


(general purpose in the sense that the language can be used 
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with many yaried applications) must have a basic set of 
required capabilities. To this subset of required 
yeni eee additional sets of supplementary capabilities 
are added, depending upon what specialized applications the 
language must handle. The required subset and these sup- 
plementary subsets then make up the graphic language. (See 
PIGURE 1.) 
B. THE APTRIBUTES AND CAPABILITIES OF A GENERAL PURPOSE 

GRAPHIC LANGUAGE 

There are many different attributes and capabilities of 
a general purpose graphic language. The required subset of 
Capabilities comprise those that are required while the 
supplementary subsets comprise those that are optional. The 
use or uses for which the language is designed is what 
determines what capabilities are included as optional. 

The basic requirements of a general purpose graphic 
language are: 

(1) Draw graphics 

(2) Manipulate graphics 

(3) Provide display management 

The most elementary requirement of a general purpose 
graphic language is that the language must describe and 
generate displays. In order to do this, the language must 
provide a capability of controlling the placement and in- 
tensity of points, line segments and possibly arc segments. 
In generating Alesaags there are several different primitives 


which have to be considered. The basic building block 
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ne thes lame segment whuch is neferred towas a line. Smznce 
the user of computer graphics is not beyond making a mis- 
take, some means of correcting the mistake is needed. A 
complete blanking of the display with a start from scratch 
requirement is much too harsh and unforgiving, so an erase 
capability is mandatory. Titles, labels and numerical values 
are often used to amplify and explain displays so a means 
of entering text into a display is required. Since arcs, 
curves and circles are used frequently and generating them 
becomes such a tedious programming ao an arc function is 
a courtesy that the author feels every graphic system should 
provide. Therefore, the needed primitives which should be 
included in the subset of required capabilities are: 
i LINE 
ARC 
ERASE 
TEXT 
The language must give the user the ability to manipulate 
the displays by rotation and translation. In order to 
rotate a display efficiently, a rotation capability should 
be provided by the language. It is possible for the 
programmer to construct a program that accomplishes the 
rotation by drawing the component of the display in its new 
rotated position or, in the case of dynamic rotation, in 
incremental positions until the final position is reached. 
However, this defeats the purpose of a high-level programming 
language, which is.to assist the user by easing the programming 


burden. A translation capability should also be provided 
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for the same reason. Both translation and rotation require 
some axis or point from which the objects can move or rotate. 
Some type of anchor point or reference point must be 
established, either by default or by selecting some specific 
point. Therefore, the graphic language should have the 
capability of selecting and changing this reference point. 
The required manipulators are: 
ROTATE 
TRANSLATE 
REP eRe POINT 
In order to properly and efficiently handle, displays and 
their components, the language must provide for the rearrange- 
ment, merging, searching and sorting of the components of a 
display. A means of retaining and recalling more than one 
display is required for convenience and completeness. In 
order to provide a minimum capability in display management 
the following processes or functions are required: 
STORE 
Bie CH 
NAME 
These capabilities are the functions that form the re- 
quired subset of any general purpose graphic language and 
as such are just the basic necessities of the language. 
The main optional attributes and capabilities of a 
general purpose graphic language are: 
(1) Be interactive 
(2) Provide hierarchial levels within the display 
(3) Provide ae easy method of reproducing components 


within a display 


Lg 
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Oy eee icesa flexibility that eliminates extensive 
preplanning 

(5) Provide an interpretative capability 

fio) rovicge fon), the utilization of algorithms 

(7) Provide a choice of data input 

(8) Provide a three-dimensional capability 

For most applications, one of the most desired attributes 
of a general purpose graphic language is that it be inter- 
active. For example, computer-aided design, which can in- 
clude all types of creative design, is one of the most 
popular uses for computer graphics. In order to efficiently 
utilize computer graphics in this manner, it is necessary 
for the graphic language to be interactive. If the language 
is not interactive, the‘creativity of the human is greatly 
limited. The required time lapse between input, result and 
input will cause the user to lose his concentration on the 
subject. In many cases the user might be required to work 
on a different problem or application between inputs in 
order to efficiently utilize his time. To be truely inter- 
active, the language must not only have a rapid response, 
PaEemest akso be forgiving 1f the user commits an error. 
If the remedial action required is too complex or time 
consuming, the interaction between the user and the system 
will be lost. The language can not be too complex or hard 
to learn for the same reason. The language should be open- 
ended (its capabilities easily extended). If the user 


arrives at a situation which he can not handle explicitly 
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within the capabilities of the language, there should be 
pem@eams EO extend the language through some programmable 
feature which should allow the user to maintain continuous 
thought while he implements the necessary extension. 

The language should establish hierarchial levels among 
the various component parts of the eee. This permits 
the user to allow the various levels to have specific 
characteristics (e.g., dynamic rotation of all components 
at one level or a specific intensity setting for all com- 
ponents below a component at a higher level). This 
capability would permit a display to depict a vehicle, 
which has wheels of two different sizes, in motion. The 
different sized wheels would be rotating at different 
speeds while the vehicle moved across the display. The 
number of levels that should be permitted is a moot point, 
Bat most Scholars dre in agreement that the language 


should be multi-level [9;15]. 


It is necessary for the general purpose graphic language 


to have an efficient method of reproducing components of a 
display since many displays contain elements which are 
Similar except in size and/or location. When dealing with 
hardware which is limited to straight line segments, it is 
often necessary to approximate a circle with hundreds of 
small line segments. For the user to do this each and eve 
time a circle is required, is a very inefficient method. 


most efficient way of reproducing components is normally 
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PEoughesubzoutanes Oxrepreceduzes; therefore, it is 
necessary that a general purpose graphic language have this 
capaballa. ty. 
An important capability to a graphic language is that 

of providing enough flexibility within the language a 
eliminate any extensive prior planning. The present batch- 
type operating system in normal computer processing requires 
complete prior planning. This is not desirable and can not 
be accomplished in many computer graphics applications. 
As Chen and Dougherty state, "In interactive problem solving, 
unanticipated situations frequently arise that make complete 
preplanning difficult or impossible." [20] Gaglians and his 
CO-amtmors assert: 

""haspeeffective use of graphics devices for 

interactive problem solving requires some 

means for requesting that a data processing 

system perform functions not anticipated at 

the beginning of the problem solving process." 

[7] 
The flexibility is needed because in oon cases the user 
will create or design some new display. In many cases the 
user will have very few preconceived ideas and will tax the 
imagination in creating a display. The freedom from pre- 
plating every construction is critical in imteractive 
computer graphics. The user often does not know exactly 
what steps to take while creating a display so the user can 
not always create a normal type program prior to the ex- 


SGEtonepnase, Ome away Of providing this flexibility is to 


permit the user to return to a common point in the processing 
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phachwadsiowsethesbranching toemany, ifenoteall, the funet- 
tions or processes provided by the language. 

Somesgraphic languages restrict the user to only con- 
sticting displays, Grace DRAWL [21] and VIP [9]). This 
restriction severely limits the use of these languages. As 
Roberts stated, 

"However, the ability to make pictures is not 
sufficient in itself; the pictures must be re- 
presentative of data which needs computation 
such that the graphics system is used as an 
npuUtfeumpuie teel, not merely as a display."[17] 

By having the capability to interpret displays .the computer 
can be utilized more effectively. There are several dif- 
ferent ways a display can be interpreted. The most obvious 
is by topological analysis (1.e., analyzing the relation of 
one subelement of a display with respect to another). An- 
other type of analysis is that which examines and locates 
Special features in pictures (which the present state of the 
art normally handles through a digital photograph scanner 
[15]. It is desirable that a general purpose graphic 
language have the capability to handle elementary topological 
analysis from which more sophisticated analysis can be pro- 
grammed. 

Most users desire the capability of specifying algorithms 
in order to provide a more dynamic flexibility in the 
operation of the display console. By having this capability 
the user can use conditional statements, do-loop sequences 
and arithmetic sGadenents. The capability is also important 
when the user is programming the display device primarily 
as an output device. 
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Some languages require certain data inputs only through 
a light pen or other attention devices, while others re- 
quire the same data input solely through a keyboard device. 
Often the type of input device or devices are limited by 
the funds available to the computer installation for pur- 
chasing hardware. In other cases data may be more easily 
entered by one means than another. Therefore, it is de- 
Sirable that the language permit the user the option of 
choosing the desired method of input. 

Numerous uses of computer graphics are more suited to 
three-dimensional viewing than two-dimensional viewing. The 
work of Johnson, as demonstrated by Sketchpad III [22], and 
Roberts [23] have shown that it 1s possible to effectively 
use computer graphics in a three-dimensional representation. 
Rotation, magnifications, translation and perspective trans- 
formations can be accomplished by a single 4 X 4 matrix 
developed by Roberts [23]. The implementation of the three- 
dimensional aspects of a graphic language is a subject 
worthy of a complete study in itself. For extremely complex 
displays, such problems as determining hidden lines are too 
costly in computer time and storage to make three-dimensional 
displays practical. These problems can be circumvented 
by using wire frame displays or making some other compromise. 
If a three-dimensional capability is needed additional 
Capabilities should be provided. Hidden or invisible lines 
should be =apeuidiaie to the user to fully develop a display. 


Gis Capability provides the user with the ability to have 
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objects appear as they do in real life (with their hidden 
lines), yet any analytic routines can operate on the complete 
object. A dash-line function often assists the viewers of 

a three-dimensional display to get a proper perspective 
because the user can dash the hidden Lime, Three- 
dimensional representation has proven not only to be very 
effective, but also to increase greatly the creativity of 

the user. 

These optional capabilities form supplementary subsets 
which can be added to the subset of required capabilities 
as needed. Other specialized capabilities can also be 
added for more specialized applications. (See FIGURE 1,) 

E. A COMPARISON OF VARIOUS GENERAL PURPOSE GRAPHIC 

LANGUAGES 

A comparison of some of the more interesting general 
purpose graphic languages is shown in Table 1 and is 
amplified in the following paragraphs. 

1. ‘Skeechpad 

Although Sketchpad was created in 1963 it has many 
features that few, ae any language, explicitly provides. At 
the touch of a button, lines can be made perpendicular, 
parallel, or be manipulated to meet other constraints. A 
“lock on" feature is provided that permits the user to 
terminate a line segment exactly upon intersecting another 
component. Pictures and subpictures provide hierarchial 
levels for the on Points can be designated as attach- 


ment points on subpicture components; moreover, the 
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components can be joined at these selected positions. A 
component can be copied at the touch of a pnetom These 
are just a few of the many sophisticated features provided 
by Sketchpad. Sketchpad is a complete graphic system. It 
was specifically designed for the TX-2 computer. The input 
statements are completely hardware dependent and the 
language established by these statements can not be extended 
without a major change to the system. Sketchpad provides 
a graphic system with many unique features to the user. But 
even more important is the fact that it established the 
feasibility of computer graphics to the world [10]. 

2. Graphics Subroutine Package (GSP) 

GSP consists of some basic subroutines which give 
the user a very elementary graphics capability. A simple 
program which does nothing but construct an are becomes a 
relatively complicated task in GSP. Since GSP is designed 
to be used with FORTRAN, most graphic functions are obtain- 
able by brute force programming. More recent developments 
pemmit GSP to be used in conjunection*with COBOL or PL/I. 
The general form is CALL NAME (PARAMETER]1, PARAMETER2, etc.) 
which is quite unwieldly when many parameters are required. 
GSP with the usual version of FORTRAN is more effective as 
a language that uses the display screen as an output device 
Since all input device signals must be anticipated when the 
FORTRAN program is written. As previously discussed, many 
applications of computer graphics can not be pre-planned, 


sO in many cases the input device signals can not be 
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anticipated. This drawback to GSP can be over come with the 
use of an incremental compiler or interpreter as was done 
with DISPLAYTRAN [7]. With interpretive FORTRAN execution, 
the attention device signals can be anticipated as the 

need for their use occurrs and no extensive pre-planning 

is required [24]. 


oe GRAF 





GRAF provides basically the same capabilities 
provided by GSP with the exception that GRAF is an extension 
of FORTRAN, thus used exclusively with FORTRAN. One ad- 
vantage of GRAF is that subroutine calls with their many 
parameters are avoided. As the authors of GRAF state, 
"Purther, we feel that coding, debugging and eee under- 
standing the logic of a program from its listing are all 
made much easier by avoiding CALL statements with long 
argument lists for frequently needed graphic routine." [3] 
Both GRAF and GSP were an attempt to ease the burden of 
programming on the graphics user. Since FORTRAN was pro- 
bably the most commonly used programming language at the 
time, it was felt that by allowing the user to program in 
FORTRAN it would be easier for him than requiring him to 
learn a completely new language for graphics. An incremental 
compiler or interpreter should be used with GRAF because 
the same problem arises handling attention signals in GRAF 
as was described for GSP (i.e., the attention signals must 


be anticipated) [3]. 
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4... GRAPHSYS 

GRAPHSYS is a set of procedures or subroutines 
which is written in AED. Although GRAPHSYS was specifically 
@esigned for use at the Electronic Systems Laboratory, MIT, 
it is not as hardware dependent as Sketchpad since AED is 
a machine-independent language. GRAPHSYS could be implemented 
without many major modifications at other installations with 
adequate computer hardware. GRAPHSYS is part of a larger 
time-sharing system which is the mode that many graphics 
systems will use in the future. GRAPHSYS has many interest- 
ing features which are intended to ease the programming bur- 
den on the user. These include specific functions to ac- 
complish such things as drawing a circle, making a copy 
ancweconstructing hidden lines. A hierarchial level is pro- 
vided among the components of a display. The language per- 
mits a depth of ten levels referred to as Stinpiceumes: These 
give the user a great deal of flexibility in constructing 
his display. GRAPHSYS was specifically designed to handle 
three-dimensional graphics so hidden lines and other functions 
needed with a three-dimensional display are available [4]. 

om Mitegraved Craphics System (Ics) 

IGS is a graphic system which is hardware independent, 
although implemented on the IBM 2250 graphic display console. 
It can be used with any language which has OS/360 linkages 
(e.g., FORTRAN, PL/I, Simscript 1.5 and 0S/360 assembly 
languages). IGS is composed of many procedures or subroutines 


designed to handle the graphic functions necessary in 
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creating and manipulating the graphic displays. Calls to 
IGS routines are made from within the user's program. 
Parameters are handled either by the normal passing with the 
call or by using a special parameter array (200 locations) . 
This array contains what could be considered the default 
values of the parameters in question. Since IGS provides 
only the elementary graphic functions, a user is required 

to write a rather complex program to construct even simple 
displays. For example constructing a simple circle would 
be a tedious task. An incremental compiler or: interpreter 
should be used because attention device signals have to be 
anticipated or they will be ignored as was the case with GSP 

and GRAF [8]. 

6. Visual Interpretive Processing (VIP) 

VIP is also a complete graphics system which was 
designed solely to draw displays; therefore, it does not 
qualify as a true general purpose graphic language. It is 
an interesting graphic system because it allows almost com- 
plete flexibility to the user. Little or no programming 
experience is required to use the system; yet more 
sophisticated programs can be constructed through "programmed 
functions" which are developed by the user at the display 
console. The complexity and sophistication of these pro- 
grammed functions depends on the programming expertise of 
the user. A function interpreter carries out the execution 
of both the programmed and system functions. The interpreter 


fetches the code of the programmed functions into core, 
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permits nested functions by utilizing a stack, and handles 
various error conditions A infinite looping and illegal 
addressing). Attention device signals can be handled as 
they occur, which eleiminates the requirement to pre-plan 
the signals. This technique gives the user great flexibility 
in designing a display. The system is relatively hardware 
independent and provides two hierarchial levels. An 
algorithmic program can be developed through the programmed 
Eimciaon capability [9]. 

7. Kulsrud's Model Language 

Kulsrud's model graphic language is felt to be a 

true, general purpose language, designed to describe, generate, 
Manipulate and analyze displays. In Kulsrud's article, he 
discussed only a ei tten version of his language, but 
he explained that this is done for convenience and to 
facilitate understanding. He states that Seer een could 
be translated to suit the graphic equipment available using 
light pen and control button sequences. Kulsrud included 
the basic statements necessary to conduct both topological 
and other forms of picture analysis. He did not design his 
language to be used with three-dimensional displays which 
is a limitation. Kulsrud used a metacompiler, which used 
incremental compilation, to produce interactive graphic 
programs. This permits immediate testing of language syntax 
on a line by line basis and the immediate detection of most 


Eypog@apnical errors. Kulsrud's language has three 


Sal. 
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hvemarchial leyels andewasedesigned tombe used in con- 
junction with the normal high-level programming languages, 


FORTRAN and MAD [15]. 


f DLSCUSSION OF SYNTAX VERSUS SUBROUTENE APPROACH TO GRAPHICS 
im the previous discussion of graphic languages and 

their implementation, there were basically two approaches 

used to implement the languages. Either a series of sub- 

routine calls with their required parameters are made to 

graphic procedures stored ina library, or a syntax for the 

graphic language is specified and then the language LSecom— 

plied or interpreted by standard techniques. In the latter 

case some programs are compiled as an entire program while 


others are compiled line at a time by an incremental com- 


piler. Since an interactive mode is desired, compilation 
should be on a line at a time basis. This was the method 
used in Kulsrud's graphic system [15]. When using sub- 


routines to accomplish the graphic functions, some systems 
compile the subroutines prior to storing them so they are 
available in machine code for execution as the user desires. 
Other systems store the subroutines in their high-level 
language and then compile the routines with the entire pro- 
gram as they are called. The more desirable method is to 
compile the subroutines prior to storing them in order to 
decrease the time required to execute the procedure. fThis 


Capability may involve dynamic loading with its overhead. 
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When considering the user inputting statements and/or 
data via the display console, either method has the capability 
EO Utilize attentsem devices (e€.g., light pen, Rand tablet, 
mouse, etc.) to a maximun, keeping typewritten inputs to a 
minimum. It is usually more natural and quicker to point 
a device at a location on the display to determine the 
position of a point, rather than calculating the desired 
coordinates and then typing the coordinates into a type- 
writer. If the attention devices are used to the maximum, 
it is irrelevant to the user, inputting the information via 
the display console, whether the subroutine or syntax approach 
is being used. 

If, on the other hand, the user is inputting statements 
and/or data via some non-graphical input device, which 
method used does become of interest. As previously mentioned, 
using subroutine calls with the many required parameters is 
quite unwieldly at times. However, the subroutine approach 
is usually more easily extended than the syntax method. 
Normally a subroutine can be programmed and placed in the 
system library more easily than the incremental compiler 
can be changed in the syntax method. This drawback to the 
syntax approach has been largely overcome by the metacompiler 
which makes the necessary changes to the graphic compiler 
aS implemented by Kulsrud [15]. 

The subroutine approach is often more flexible because 
the subroutines may be used with many different languages. 


In considering the more recent syntax type graphic languages, 
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seme ©f themehave beenedesigned to be implemented in con- 
juction with several high-level programming languages. 
Graphic languages, in general, can be specified by 
their syntax as demonstrated by Morrison [16] and others. 
The syntax approach normally has a smoother program flow 
than that of the subroutine method. Both approaches have 
advantages and disadvantages; thus, the determination as 
to which method should be used should be decided on an 
individual basis for each computer installation. At an in- 
stallation where the core memory is limited to .such a degree 
that only a very carefully selected subset of a general pur- 
pose language can be implemented, the subroutine approach 
has a decided advantage. The selected subroutines can be 
implemented in a very basic language (1.e., assembly 
language or machine language); therefore, no large amount 
of storage is required for an incremental metacompiler, 
incremental compiler or interpreter as is the case of the 
Syntax approach. Even if the sophisticated compiler is to 
be paged in and out of core memory, the increased complexity 
of the resident monitor will increase the storage required 
by the monitor which reduces the core memory available for 
the user. In the case of a large computer graphic installation 
(at least large in storage capacity), a syntax approach with 
its algorithmic-programming capability has an advantage be- 
cause of the smoothness and flexibility that this method 


provides. 
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HimecoMeari ng ete pinstal lation wheme each approach could 
be implemented, the syntax method is the more difficult. 
Normally a system using the syntax method will require the 
services of a system programmer in order to program and 
maintain the required Sorters. The subroutine approach 
can usually be programmed and maintained by the user so there 
1s no necessity to hire a system programmer. The speed of 
execution is normally greater in the subroutine approach 
Since the subroutines can be compiled into machine code 


and stored prior to execution. 
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IIIT. GPGL, A MODEL INTERACTIVE, GENERAL PURPOSE GRAPHIC 
LANGUAGE 


GPGL contains both the attributes which are required 
of a general purpose language and many of those that are 
optional. It includes the option of selecting two-dimensional 
or three-dimensional displays, the option of attention 
device inputs or keyboard device eur and the capability 
of constructing algorithmic programs. In addition, the 
language is intended to be conversational (i.e., every users 
action is met with some action or response from the computer). 
As previously mentioned the model could be implemented in 
its entirety or ina selected subset. Since the language 
is designed to handle most applications, it would require 
a great deal of memory storage if fully implemented; there- 
fore, it 1S envisioned that implementing a selected subset 


would be more practical for most computer facilities. 


A. AN OVERVIEW OF GPGL 

GPGL is designed to provide the user with two different 
types of functions with which the user can accomplish the 
desired tasks. These functions are called system functions 
and user-defined functions. The system functions are 
provided explicitly within the language (e.g., rotation, 
translation, etc.), while the user-defined functions are 
designed by the user to accomplish the specific process or 


processes desired. The user-defined functions are normally 
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programmed by the user through tveletypessystem and teletype- 
editor commands. The functions are buiit by using the 

Many available system functions as the basic elements from 
which a program is constructed for each user-defined function. 
The program is compiled and the user-defined functions 

stored under a unique name awaiting cali. 

The user accomplishes the desired tasks by first select- 
ing whether a two-dimensional or three-dimensional display 
(no mixed mode is permitted) is desired. Then the user 
selects a series of system and/or user-defined .functions 
froma "menu" (a list of optional choices) shown on the 
display console. The choice of how many and what functions 
are selected is basically determined by the user (some 
ordering iS required by the language in respect to the in- 
put mode - attention device or teletype) which gives the 
user the necessary flexibility usually required in computer 
graphics as previously discussed. 

The language provides a tri-level hierarchial structure. 
The basic or lowest level iS an image, which is a component 
of a subpicture. Subpictures in turn compose or form a 
picture. Theoretically, there is an unlimited number of 
images in a subpicture and an unlimited number of sub- 
pictures ina picture. In actuality the number of either 
is limited by the storage capacity of the hardware available 
and the actual restrictions created by the implementation 
of the language. These images, subpictures and pictures 


can be uniquely named, and then stored and retrieved 
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paseugh thei names Although at is emviskoned that three 
hierarchial levels should be sufficient for most applications, 
the language could be extended in hierarchial depth without 
too much difficulty. GPGL could be extended ina similar 
Manner to that used in GRAPHSYS [4]. This extension, how- 
ever, would decrease the available user's storage capacity 
because of the need to store the necessary pointers and 
directories required to extend the hierarchial capability. 

To assist in the visualization of the hierarchial levels 
included in the display.and to permit the user.to protect 
portions of the display that have been completed, a fore- 
ground and a background is established within the display. 
The foreground consists of the images which have not yet 
been stored in a subpicture (foreground makes up the current 
Subpicture) while the background is composed of the sub- 
pictures which at the time make up the current picture. 

The primitives can effect only the foreground which pro- 
vides a degree of protection to the subpictures and picture 
composing the background. It is intended that when GPGL is 
implemented the background portion of the display appear 
with a lower intensity than the foreground to assist the 
user in visualizing the hierarchial levels. 

GPGL was specifically designed for some type of system 
which uses the subroutine approach to computer graphics in 
the implementation of the language. Specific teletype 
system commands neiie included that would permit programs 


written in other languages to be entered if the compiler in 
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the system could compile the other language or languages 
involved and store them as subroutines. GPGL could be used 
with a system which uses the syntax approach to computer 
graphics with some appropriate changes. These matters de- 
pend on the actual installation and the specific system used 
to implement the language. See the discussion of the syntax 
versus subroutine approach to computer graphs (paragraph II. 
Eee). 

When the user selects the three-dimensional mode, changes 
in the method of entering certain types of data are required. 
Since all locations in the viewer's space (three-dimensional 
Space which the viewer would see if real objects were ob- 
served) have three dimensions it iS necessary to enter three 
coordinates instead of the normal two. Different viewing 
conventions are required than those used in normal two- 
dimensional displays because the display screen is two- 
dimensional while the objects in the display are visualized 
in three dimensions. A convention implemented by Johnson 
with Sketchpad III is used [22], which includes three 
orthogonal and one three-dimensional perspective view. (See 
FIGURE 2.) It is envisioned that the system implemented 
would allow the user to increase the size of any of the 
four quadrants to fill the entire screen when selected. The 
four quadrants are not four independent displays, but are 
aPietieemrelated so that an arc being drawn in one view is 
displayed in the Bee three. GPGL was designed to be 


implemented by using the three-dimensional, homogeneous 
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coordinate system developed by Roberts 123]. When entered 
in a typewritten-type mode, each point designated would be 
a series of four numbers. Two designations are required if 
ampeint is to be selected by an attentiien) device input. A 
designation is made on the two appropriate orthogonal views 
which specifies the three dimensions of the point. This 
type of system was implemented by Johnson with his Pen 


egace Location Program [22]. 


B. FUNCTIONS 

There are two levels of functions. The Negee level 
functions or basic processes are called system functions 
and give the user control over each specific operation that 
mmr ouoe Perrormmed Me.g.,, draw a line, erase a line, etc.). 
These functions require no development or programming on 
the users part; the functions desired are just selected. 
This gives the user with no programming experience or ex- 
pertise the ability to sit at the console and construct simple 
displays. The user-defined functions are the higher level 
functions and are programmed by the user. They are programmed 
through the user-defined instruction set. This set includes 
the system functions (whose arguments now become operands), 
the teletype system commands and the text-editor commands. 
The user-defined functions permit the use of an algorithmic 
approach in order to develop relatively complicated programs. 
User-defined functions can have either externally or in- 
ternally specified operands which give the user a great deal 


Omer lexibiility. 
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ae system Functions 


System functions consist of primitives, manipulators, 
storage and retrieval functions, teletype Saat and 
dimension selection Functsienss Functions which have a pw 
suffix require teletype input or some other type of key- 
board device input and the suffix is intended to act as a 
reminder to the user. 

Most of the functions have parameters that can vary 
from points, to images, and in some cases to subpictures. A 
point can be located by several different methods. These 
methods are: 

(1) selecting the point with an attention device 
input (two selections are required in the 
three-dimensional mode) ; 

(2) by entering the X-coordinate, Y-coordinate (the 
Z-coordinate and the scale factor in the three- 
dimensional mode) through a keyboard device; 

(3) by entering a unique name which has been pre- 
viously assigned to the point. 

In order to avoid ambiguity, subpictures and pictures are 
selected by name while images can be selected by selecting 

a point in the image or by name. The noun "component" can 
refer to any of the three hierarchial levels. In describing 
each system function, the function name will be followed by 

a verbal description of the parameters to be entered with the 
function. The Leena remarks explaining the fumctionwmeare 


ime@imded under the function. 
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, The primitive functions are the most basic of 
any of the functions and as such are used to construct and 
form the displays. The primitive functions can only be 
utilized in the foreground (at the image level) of the dis- 
play. The primitives are as follows: 

@) SPoint Function 
POINT (coordinates) 
Remarks: POINT establishes a point with its coordinates as 
assigned in the inputs. The user has the option to continue 
to define additional points without having to re-select 
POINT . 

(2) Line Function 
LINE (end point coordinates) 
Remarks: Constructs a straight line segment joining the 
given end points. The coordinates of the end points are the 
parameters of the function. The user has the option to 
continue to draw lines by defining additional points without 
having to reselect LINE. Each additional point is the end 
point of a line segment from the previous point designated 
to the additional point last entered. 

(3) “Ameeeunctions 
ARC (center (C), radius (R), delimiting point 

coordinates (A) and delimiting point 
coordinates (B)) 

Remarks: Constructs a circle segment (or circle) with the 


center at C and with line segment CR as the radius. The 
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arc 1s determined by the angle subtended by the two line 
segments AC and BC as shown below: 


B 


C R 


A 
If the two delimiting points, which are the third and fourth 


points entered, are omitted, a circle is drawn. 
mc - TT (center (C) and radius (R) point coordinates 

and the number of degrees (i)) 
Remarks: Constructs a circle segment (or circle) with the 
center at C and with line segment CR as the radius. The arc 
Originates at R and extends through the number of degrees 


Cr) entered in a counter clockwise direction as shown below: 


R 
(4) Textelnpult Function 


ec | (coordinates of a point where the text is 
to be located, the size of the text desired 
and the string of text) 

Remarks: Accepts the text message from the teletype and 

places it at the coordinates of the point entered. The 

system gquerys the user as to size of text and then requests 


the actual text message to be entered. 
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(5) Erase Function 

ERASE (coordinates of a point in the selected 
: image or the name of the image) 
Remarks: Removes the designated image from the foreground 
display (releases or frees the storage previously utilized 
by the selected image so that the memory cells are available 
for use). 
b. Manipulators 

The functions that are used to manipulate and 
alter the images, subpictures and pictures are classified 
aS manipulators. Some manipulative functions act upon either 
the current image, which is the image that is presently open 
for additions to its display list, or the entire subpicture, 
which is the foreground of the display. If the current 
image is still open, the manipulative function will act upon 
themimage, 1f closed, the function will act upon the current 
subpicture, which is the foreground. (The storage and re- 
trieval function NAME closes an image and is discussed in 
the next section.) The manipulative functions give the user 
the option of manipulating the current image or the fore- 
ground. If the user desires to manipulate the foreground, 
the current image must be closed. The manipulators are as 
follows: 

(1) Reference Point Function 
REF (coordinates) 
Remarks: Designates the reference or anchor point. This 


reference point is the point which the image or foreground 
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will be manipulated around, The default value is the center 
of the display or in the case of the three-dimensional 


at 


quadrant view, the center of each quadrant. 

2, eanalation eecon 
TRAN (coordinates) 
Remarks: Translates the reference point from its previous 
position to the location entered. This causes the entire 
image or subpicture to translate the same distance and dir- 
ection that the reference point moved. 

(3) Reikbettion Functions 
ROT (coordinates of two delimiting points 

(A and B)) 

Remarks: Rotates the image or subpicture about the 


reference point (R) in a counter clockwise direction through 


an angle subtended by the two line segments AR and BR as 


shown below: 


B 
R 
A 
(4) Flip Function 
FLIP (factom) 
Remarks: Reflects the foreground about a vertical axis 


through its reference point. 


(5) ZO00em Function 


ZQ0M=TT (factor) 


Remarks: Magnifies the image of the subpicture by the 
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factor entered. If a negative number is inputed, the image 
or foreground is diminished (down to the limit of a point). 

(6) Proportional Change In pee Sc ais 
PROPX (coordinates of two delimiting points) 
Remarks: Shrinks or expands the foreground symmetrically 
about a vertical axis through the reference point (RP) in 
the proportion: 

(b -RP,) / (a,,-RP,) 

where a, is the X coordinate of the first point entered and 


b. is the X coordinate of the second point entered. 


(7) Proportional Change In Size - Y Axis 


PROPY (coordinates of two delimiting points) 
Remarks: Shrinks or expands the foreground symmetrically 
about a horizontal axis through the reference point (RP) in 
the proportion: 


mea) 7 cu) 
yo. y y 


where a,, is the Y coordinate of the first point entered and 


by, is the Y coordinate of the second point entered. 


(8) Display Reference Point 
DRP 


Remarks: Displays the reference point of the image or sub- 
picture as an asterisk. 
‘ (") Dashehunceaen 
DASH 
Remarks: Changes all the lines in the image or subpicture 


into a dashed representation. 
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(10) Hidden Line Function 
HI DDEN 
Remarks: Changes all the lines in the image or subpicture 
to an invisible mode. The lines are still present in the 
data structure even though the lines do not appear on the 
display console so interpretative functions can still be 
utilized with respect to the invisible component. 

Ci) imeenoistevs -Uunction 
M@ENSITY-TT (faetos) 
Remarks: Intensity of the image or subpicture is varied by 
the factor (within the limits prescribed by the hardware). 
If the factor is positive, the intensity is increased; and 
if it iS negative, the intensity is decreased. 

(12) Graytone Function 
GRAYTONE 
Remarks: Used to half-tone, that is, shade the image or 
Subpicture. This capability has been successfully implemented 
as discussed by Sutherland [25]. 

(13) Seale FPunetion 
SCALE-TT (sea le for X, Y andeZ) 
Remarks: Defines the picture, with coordinate axes X, Y, @, 
as being 2X Units in width, ZY umases in height, and 22Z units 
in depth. The origin (0,0,0), resides at the center of the 
screen (center of each quadrant in the three-dimensional, 
quadrant view). The range is from -X to +X, -Y to +Y, -2Z 
to +Z. This permits the user to use any scale desired 


whether it be miles, feet or whatever. 
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c. Storage and Retrieyal Functions 

In order to provide convenience and completeness 
E® _ user, various functions are needed to store and re- 
trieve images into or from a Fo sgitsguicee subpictures into 
Oumirom a plckuremanmd) prectires into or from a library. The 
storage and retrieval functions are as follows: 

(1) Frame Component Function 
FRAME 
Remarks: Appends the current contents of the foreground 
display to that of the background display as in internal 
structure (subpicture). Automatically gives a unique sub- 
picture number for retrieving the structure. (The user has 
the option of using the NAME function to give the structure 
a unigue name). The intensity of the foreground is reduced 
in order to assist in the visualization of the hierarchial 
levels. 

(2) Store Picture Function 
STORE-TT (name) 
Remarks: Stores the current contents of the background dis- 
play in the storage area or library for pictures under the 


name entered. 


(3) Retreival Function 


FERCH=TT (name) 
Remarks: Retreives the image, subpicture or picture, whose 
name 1s entered. If the component named is an image or sub- 


picture it is displayed as part of the current foreground 


(the component must be a component of the current picture); 
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Pieene Component Mame we aupreture it meplaces the present 
contents of the background display. Images and subpictures 
retreived are opened for the addition of vectors or other 
modifications. 

(4) Name Function 
NAME-TT (name) 
Remarks: Assigns the name entered to the header (first 
location) of the designated image or subpicture (pictures 
are named by STORE-TT function). Each name must be unique 
to avoid ambiguity in retreiving the image or subpicture. 
In order to explicitly assign a name to a subpicture, NAME 
must be called immediately after FRAME. When NAME is used 
in regards to an image, it "closes out" the image. "Closes 
out" means that no additional vectors can be added to the 
display list of that image until the image is retrieved by 
thesPETCH function. 

(5) Delete Function 
SCRUB-TT (name) 
Remarks: Deletes the picture specified by the name from 
storage or the subpicture specified by the name from the 
background. Frees the storage previously utilized by the 
picture or subpicture which is scrubbed. 


(6) Clear Foreground Function 
CLRF 


Remarks: Blanks the foreground display and frees the storage 
utilized by the images in the foreground display (in most 
cases the user will have stored the images desired for 


retention in a subpicture). 
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(7) Clear Background Fun¢tion 
CLRE 
Remarks: Blanks the background display and frees the storage 
utilized by the subpictures in the background display (in 
most cases the user will have stored the picture desired in 
order to retain the subpictures and eee. 

(8) Hard Copy Function 
PHOTO 
Remarks: Generates a hard-copy of the entire console screen. 

dad. Keyboard Device Functions 

When the user desires to input Specific data 
which is normally entered by attention device through a key- 
board device, the TTY function must be called. 
ary 
Remarks: Alerts system that the normal input by attention 
device will be via a keyboard device. All inputs for the 
function must then be entered by a keyboard device. Functions 
which have the suffix "-TT" should not be followed by the 
TTY function unless the normal attention device inputs (if 
any) are to be entered via the keyboard device. For example, 
with ARC-TT if the first two delimiting points were to be 
entered by a keyboard device instead of an attention device 
the TTY function would be used. 

e. Analysis Functions 

Functions which interpret the topology and 

other pictorial features of a display are required ina 


general purpose graphic language. Certain basic analysis 
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functions are provided in GPGL which permit the user to 
develop more complex interpretative programs. Some functions 
return a value and print the value by teletype. If the 
function is used ina user-defined omens pehemeeletype 
message is not printed. 
(1) Within Function 
WITHIN (coordinates of two points with each point 
designating an image, or two names designat- 
ing images or subpictures) 
Remarks: Checks whether the component entered first lies 
within the second component entered. 
(2) Separate Function 
SEPAR (coordinates of two points with each point 
designating an image, or two names designat- 
ing images or subpictures) 
Remarks: Checks whether the selected images or subpictures 
are separated. If there is no intersection of lines or 
points, and one component does not lie within the other, 
TRUE is returned and printed by the teletype, otherwise 
FALSE is returned and printed by the teletype. 
(3) Simply-Connected Function 
SaMPLY—TT (name of an image, subpicture or picture) 
Remarks: Determines whether the designated component is a 
simply-connected region. (Simply-connected region is a 
region for which any closed curve lying in the region can 
be continuously shrunk to a point without leaving the 


region [26].) 
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(4) Region Assignment Function 
REGSNAP-TT (property) 


Remarks: Assigns each point in the display (picture) to 
a region, which has internally generated labels with the 
property selected by the parameter entered. This process 
is referred to as a region snap. Normally the property is 
color, (i.e., black, white and/or shades of gray [15]). 

(5) Name Region Function | 
NAMEREG-TT (coordinates of a point, the property 

parameter and a name) 

Remarks: Assigns the name entered as the name of the re- 
gion, with respect to the property specified by the property 
parameter, which the selected point or component is in. 

(6) Connection Functions 
CONNECT (coordinates of two points) 
Remarks: Checks whether the two selected points are in the 
same region. If they are connected (in the same region), 
a TRUE is returned and printed by the teletype. If not, 
FALSE is returned and printed by the teletype. 
CONECTBY-TT (coordinates of two points and a name of 

a component) 

Remarks: Checks whether the two selected points are in the 
same region and whether the named component connecting 
the wEwOo .PpOIntS 1S in the Hegion. TRUE or FALSE is returned 
and printed by the teletype. 

(J) VAGiiaceneerumetion 
ADJAC (coordinates of two points or the names 


of two components ) 
a3 





Remarks: Determines the adjacency of the designated com- 
ponents. If the two components are in the same region a 
—_ is returned and printed by the eee If the com- 
ponents are in adjoining regions, a one is returned and 
printed by the Saleen LE anon the number of re- 
gions plus one, intervening between the two regions contain- 
ing the designated components is returned and printed. 

(8) Intersection Function 
INTERX (coordinates of two points or the names 

of two components) 
Remarks: Determines whether the designated components 
intersect. If they intersect any where in the display, the 
intersection value for the property previously used in the 
region snap is returned and printed at the teletype, other- 
wise FALSE is returned and printed at the teletype. 
f. Dimension Selection Functions 

The user determines which display mode he is 
going to use, either a two-dimensional display or a three- 
dimensional display and then selects the appropriate functions. 
The dimension selection functions are as follows: 

(1) Two-Dimensional Function 
2=) 
Remarks: User selects this function first if he is going 
to use the normal, two-dimensional display mode. 

(2) Three-Dimensional Function 
3=-D 
Remarks: User selects this function first if he is going 
to use the three-dimensional display mode. 
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(3) Three-Dimensional View runcetons 
QUADI 
QUADII 
QUADIII 
QUADIV 
Remarks: Enlarges the selected quadrant to full screen size 
on the display console. (Used in the three-dimensional mode 
oniiy’. ) 

(4) Quadrant-View Function 
3=D VIEW 
Remarks: Returns the display to a quadrant view. (Used 
in the three-dimensional mode only.) 

g. Keyboard Mode Function 

In order for the user to develop user-defined 
functions, it is necessary to enter a keyboard mode where 
teletype system and text-editor commands are inputed through 
the keyboard device. 
TTYMODE 
Remarks: Causes the keyboard mode to be entered. 
GET (coordinates of up to four points) 
Remarks: Used to enter attention device inputs during the 
execution of a user-defined function. Provides the capability 
Of allowing external inputs, whose locations can not be 
determined by the user prior to the execution phase. (Used 
Only with user-defined functions.) Permits the input of up 
to four points into pre-planned and allocated storage 


locations. 
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2. User-Defined Functions 

The user-defined Berner Whey amewconstructed 
by the users, are subroutines written by the user, compiled 
and stored under a unique name and then executed when a user 
selects the function's name from the menu. peweLOLSy user- 
defined functions developed by one user can be used to 
advantage by any other user. This gives the system an ex- 
cellent growth potential, limited only by-the storage 
capacity of the function library. The user-defined functions 
can be stored in pages or other segments. 

The functions are normally formed by uSing the user- 
defined instruction set, which contains the system functions, 
the teletype-system commands and the teletype-editor commands. 
The teletype-system and the teletype-editor commands are 
Similar to the ones used by Streit [9]. The choice of using 
Similar commands to those of Streit's was made after 
examining the languages and systems previously mentioned. 
Streit's teletype mode is more natural, easier to implement, 
and much simpler to use than those of the other graphic 
languages and systems. The capability of using external 
programs (written in a language acceptable to the systems' 
compiler) is an important addition to Streit's teletype 
system. 

From the user's standpoint, the user-defined 
functions appear the same as system functions once written 
and compiled. All locations in a user-defined function 


are referred to a coordinate system local to the function. 
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This requires the user to use a scale instruction when the 
function locates primitives on the display screen. The 
local coordinate gives the system user great flexibility and 
freedom in applying user-defined functions (but requires 
that the implemented system map all data locations between 
the user-defined function and the system's display). fThe 
user-defined functions can have internally or externally 
specified operands which give the user the ability to de- 
fine any needed locations or points at the time the function 
is formed or when the function is called. The format used 
to define the user-defined instruction set is as follows: 
Label: OPCODE Bi eC ies se 
ir 
eyoe Cs sss 
Remarks: A, B, C...are symbolic address labels which are 
local to the user-defined function and a, b, c... are 
numerical operands. The label portion of the instruction 
is formed by an identifier followed by a colon, while OPCODE 
is the operation code given in the user-defined instruction 
set. Parenthesis are used to show all the different 
Vabdatiteons Of the’ basic instawetion. 
a. User-Defined Instruction Set 

The user-defined instruction set contains 
imstructions fLommed wey uSing the system functions as the 
OPCODE with the functions inputs as OPERAND as shown below 
Hopeene function LENE; 

Label: LINE A;B 


Remarks: Connects the points A and B to form a line segment, 


AB. ov 





In addition to the system functions, the user- 
defined instruction set includes arithmetic, conditional 
and control instructions. These instructions give the user 
an algorithmic-type programming capability which allows more 
flexibility, especially in respect to using the interpretative 
fFameclons . 

The arithmetic instructions give the user the 
basic arithmetic operations required, which include assign- 
ment, addition and subtraction. These instructions can be 
used for all the coordinate values or for the individual 
coordinates. The individual coordinate values are shown 
in parenthesis. The arithmetic instructions are as follows: 

(1) Label: ‘ SET A;B 

(SETX 
SET yY 
SETZ) 
Remarks: Assigns B to A. 
(2) Dabel: ADD A;B 
(ADDX 
ADDY 
ADDZ) 
Remarks: Adds the X, Y, Z components of points A and B 
and places the result in A. 
(3) Label: SUB A;B 
(SUBX 
SWiBY 


SUBZ) 
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Remarks: Stibtracts the KX, Yy"Z components of points B from 
A and places the result in A. 
(4) Label: SWITXY A 
(SWITYZ 
SWITXZ) 
Remarks: Assigns the X component of A the value of the Y 
component and the Y component the value of the X component. 
(Assigns the Y component of A the value of the Z component 
and the Z component the value of the Y component. Assigns 
the X component of A the value of the Z component and the 
Z component the value of the X component.) 
The conditional instructions allow conditional 


branching which permits the user to transfer control if 


various conditions are met. The instructions are as follows: 
(1) Label: NZX A;B 
(NZY 
NZZ) 
Remarks: Tests the X component of point A, and if non-zero, 


transfer control to B, otherwise control is passed to the 
next instruction. The alternate instructions test the Y and 
Z component of point A respectively, if non-zero, they 
transfer control to B, otherwise control is passed to the 
ness instuuetion. 
(2) Label: ZRX A;B 
(ZRY 


ZRZ) 


oo 





Remarks: Tests the X component of point A, and if zero, pass 
control to B, otherwise control is passed to the next in- 
struction. The alternate instructions test the Y and Z 
component of point A meee ec ae, if eto, they pass control 
to B, otherwise control is passed to the next instruction. 
(3) Label: NGX Pee 

(NGY 

NGZ) 
Remarks: Tests the X component of point A, and if negative, 
transfer control to B, otherwise control is passed to the 
next instruction. The alternate instructions test the Y 
and Z component of point A respectively, if negative, they 
transfer control to B, otherwise control is passed to the 
next instruction. 


(4) Label: PSX A 


bo 


(PSY 

PSZ) 
Remarks: Tests the X component of point A, and if positive, 
transfer control to B, otherwise control is passed to the 
next instruction. The alternate instructions test the Y and 
Z component of point A respectively, if positive, they pass 
control to B, otherwise control is passed to the next 
instruction. 

The unconditional transfer instruction passes 
control to the designated symbolic address. 
Label: GOTO A 


Remarks: Transfers control to A. 
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b. Teletype-System Commands 
The teletype system commands are used to create 
Beers tie the text and code of the user-defined functions. 
The format of the commands is: 
COMD1 COMD2/FIELD. 
The first two fields are the command portion, 
where COMD1 specifies whether the command pertains to a 
function, picture or an external program, which is entered 
as a user-defined function. COMD2 is the action that the 
command is to perform. The remaining portion, which is 
FIELD, is the argument for the command. The command and 
field portion are separated by a slash and the instruction 
1s ended with a period. Some instructions have no COMD1 
portion and/or argument so the command portion consists of 
only an action part and the FIELD portion may be blank. The 
slash and period are always required. The command portion 
may be abbreviated to the first letter of the two fields (the 
underlined character or characters in each instruction). 
Blanks are used as delimiters except between the command and 
its argument where the slash is the delimiter. The teletype- 
system commands are as follows: 
(1) Definition Command 
FUNCTION DEFINE/NAME. 
Remarks: This command opens a user-defined function titled 
NAME by entering the text-editor mode. When the user has 
completed his function, the text and code are stored under 


the symbolic address, NAME in the function library. 
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(2) Modification Command 
FUNCTION MODIFICATION/NAME . 
Remarks: Fetches the text of the present user-defined 
function with the symbolic address NAME. Deletes the code 
and enters the test-editor mode. 
(3) Purge Command 
FUNCTION PURGE/NAME ‘ 
Remarks: Deletes the text, code, and entry points for the 
user-defined function NAME. 
(4) Change Name Command 
FUNCTION NAME/OLDNAME NEWNAME. 
Remarks: Changes all the entry points associated with the 
user-defined function OLDNAME to NEWNAME. 
(5) Fetch Command 
FUNCTION FETCH/NAME. 
Remarks: Fetches the text for the user-defined function 
NAME. 
(6) Fetch Code Command 
FUNCTION CODE/NAME. 
Remarks: Fetches the code for the user-defined function 
NAME. 
(7) List Functions Command 
FUNCTION LIST/. 
Remarks: Lists all the user-defined functions in the 
fimetLonwliabrary. 
(8) List Peeenee Command 
PICTURE LIST/. 


Bem@atko. Lists all the pictures in the picture library. 
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©). Exeteenaleesogram Input Command 
| PROGRAM INPUT/NAME. 

Remarks: Accepts programs as inputs through paper tape, 
punched cards or other input devices acceptable to the 
implemented system. These programs can be in machine code 
or any high-level programming language which the system's 
compilers can compile. These programs are compiled and 
stored as a user-defined function executable on call. 
(Modification and Fetch system commands can not be executed 
hectic external pwegrams, which ane an some other programming 
language.) 

(10) Exit Teletype Mode Command 

RETURN/. 
Remarks: Teletype mode is exited and the user is returned 
to the function menu selection mode. 
c. Text-Editor Commands 

The text-editor commands permit the user to 
construct or modify the user-defined functions. The text- 
editor mode is entered by executing either the definition 
or modification teletype commands. The command format for 
the text-editor commands is similar to that used for the 
teletype-system commands. The format consists of: 

COMD1 COMD2 COMD3/TEXT. 

where COMD] is the action indicator and COMD2 and COMD3 are 
the arguments. TEXT is the text lines of the user-defined 
function and consist of a label portion (LABEL:), an OPCODE 


portion and an OPERAND portion, which contains the arguments 
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of the functions in the OPCODE. Since some commands have 
only. one argument or no arguments, COMD2 and COMD3 may be 
blank. Some TEXT lines have no econ so the label portion 
may be blank. If, instead of entering a text:line, an exist- 
ing text line is manipulated, the TEXT portion is blank. 
Blanks are used as delimiters except between the command 
portion and TEXT where the slash is used. The slash and 
period are required for all instructions. The text-editor 
commands are as follows: 
(1) Next Text Line Command 
NEXT/TEXT. 
Remarks: Enters TEXT as the next line of the text-editor 
display. 
(2) Insert Text Line Command 
INSERT a/TEXT. 


Remarks: Enters TEXT as the line above line a and below line 


aoe. 
(3) Purge Text Line Command 
PURGE a/. 
Remarks: Deletes.line a, and moves all the lines atl and 


greater up one line. 
(4) Move Text Line Command 
MOVE a b/. 
Poworewo.  Petetes text Vine a and moves all the lines up one 
line and then inserts same text line, which was removed, 


above line b. 
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(5) Replace Text Line ean 
| REPLACE a/TEXT, 

memetks: Replaces the line a with, TEXT. 

(6) eo eewcanuend 

COMPILE/. 
Remarks: Compiles the text displayed and loads the text 
and code into the function library under the name associated 
by the definition or modification teletype system commands. 
The system returns from the text-editor mode into the nor- 
mal execution mode. 
d. Examples of a User-Defined Function 

In order to demonstrate the procedures required 
in constructing a user-defined function, two examples are 
discussed. The first example describes those teletype- 
systems commands and text-editor commands, which would be 
utilized in constructing the function. The second example 
shows only the text lines which make up a user-defined 
function in order to demonstrate the finished product. 

The commands and the sequence in creating a 
user-defined function named HORIZON, which takes a given 
line and creates a horizontal line with the same X coordinates 
for its end points, are shown below with amplifying comments. 
The system functions are designated as (SF); the teletype- 
system commands are deSignated (TS); and the text-editor 
commands are designated (TE). The abbreviated format for 
the teletype-system and the text-editor commands is not 


used for clarity. A carriage-return character, which 
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Signifies the end of each instruction, is not shown. 


The 


lines three through fifteen are used to construct the text 


~ 


lines which will accomplish the actions discussed in the 


comment portion when the user-defined function is executed. 


NUMBER COMMANDS 


3 


10 


11 


12 
a3 


TieeMoODE 


FUNCTION DEFINE/HORIZON. 


NEXT/ 2-D. 


NEXT/ SCALE 500;500. 


NEXT/ CLRF. 
NEXT/ GET A;B. 


NEXT/ REF A. 


NEXT/ LINE A;B. 


NEXT) SEG TEMP Bs 


NEXT/ SETY 3B; TEMP. 


NEXT/ ROT B;TEMP. 


NEXT/ RETURN. 


NEXT/A POINT. 
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oF 


TS 


ae 


ar, 


fg 
TE 


EE 


ae: 


‘ele. 


ve 


TE 


Ts 


ne 


COMMENTS 

User selects the 
teletype mode with 

an attention device 
dio t . 

Enters the text-- 
editor mode with the 
name HORIZON, which 
1s associated with 
the function to be 
constructed. 

Selects 2-D repre- 
sentation. 

Determines the local 
scale of the function 
co be=s00xK500. 

Clears the foreground. 
Accepts two attention 
device inputs upon 
execution and loads 
their coordinates in- 
to the OPERAND por- 
Prouro: JOcatlons 

A and B 

Moves the reference 
eeinte GO point A: 
Draws a line segment 
EwomepOornt A to porlne 
Bs 

Assigns the X com- 
ponent of B to the X 
component of point 
TEMP. 

Assigns the Y com-. 
ponent of point A to 
Y component of point 
TEP. 

Rotates the image 
(line AS about A 
through the angle B- 
A-TEMP , * 
Recubhscmeentro}, L£rom 
the subroutine HORIZON. 
Creates the symbolic 
address A and designates 
1€ as a point. 





14 NEXT/B POINT. TE Creates the symbolic 
address B and desig- 

NMaees it aS a DOIN. 

de NEXT / TEMES Onn T ; TE Creates the symbolic 
address TEMP and de- 
Signates it aS a point. 

16 COMPILE/. TS Compiles the function 
HORIZON and stores 
the text and code in 
the function library 
under HORIZON and re- 
CupnSs Control e2oem 
the teletype mode. 


* The line segment AB 
is horizontal, but the 
length has been changed. 
The text and amplifying comments for a user- 
defined function named PARALLEL, is shown below. The user- 
defined function HORIZON is used. A carriage-return 
character which signifies the end of each instruction is not 


shown. 


NUMBER FIELD1 FIELD2 PiEiEDS COMMENTS 


a 2-D Selects 2-D representation. 

2 SCALE 500;500 Determines the local scale 
EO, De SU, 500. 

3 CLRF Clears the foreground. 

5 GET A;B;C;D Accepts four attention de- 


vice inputs and loads them 
in OPERANDS of lines 12, 


i Alo, 

5 SET TEMP1;B Sets point TEMP1 equal to 
Dodie 

6 HORIZON A;B Calls the user-defined 


function HORIZON, which 
makes line segment AB 
heigz On ta lin 

7 HORIZON C;D Calls the user-defined 
function HORIZON, which 
makes line segment CD 
homizonitaL.. 

8 NAME PARA Names and cloSes image 
(PARA) so that next com- 
mand will act on foreground. 

9 REF A Moves the reference point 
to point A. 
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10 ROT B;TEMP1 Rotates the foreground 
(lines AB and CD) about 
point A through the angle 


. B-Z-TEMP1. 

le). RETURN Returns control from the 
subroutine parallel. 

12 A Pons Creates the symbolic ad- 
dress A which is a point. 

ans B POINT Creates the symbolic ad- 
dress B which is a point. 

14 G POINT Creates the symbolic ad- 
deess, CC. whilen iS a. porn. 

m5 D POINT Creates the symbolic ad- 
dress D which is a point. 

16 TEMP] POINT Creates the symbolic ad- 
dress TEMP] which is a 
PO mair 

ai TEMP 2 POINT Creates the symbolic ad- 
dress TEMP2 which is a 
pean « 


oy = 


Se EXAMPLES OF THE USE OF GPGL 

The use of GPGL (implemented in an imaginary graphics 
system) is demonstrated in the following examples. The 
procedures are described by listing in chronological sequence 
the functions and inputs which would be utilized by a user 
if he were actually at a console programming. The displays 
are kept relatively simple for clarity and ease of compre- 
hension. The attention device inputs which are required to 
locate components of the display (1.e., points, lines, etc.) 
are considered to be light pen hits (abbreviated as. LP) and 
numbered sequentially (e.g., LPl, LP2). 

fetetype Inputs are shown invcapecal letters and = under— 
lined. The selection of the actual functions used is re- 
presented by the name of the function with no attempt to show 
what method of selection would be used cee light pen picks, 


depressed function switch, etc.). 
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A two-dimensional display is developed to draw a geo- 


metric pattern which is named 


ORDER | 
1 


2 


Ar2 
3 
14 


16 


iy 


18 


i 
20 


2A 
22 


23 


FUNCTION ARGUMENTS 


21) 


CiRE 


eit 


LINE 


NAME-TT 
LINE 


NA TT 
FRAME 


NAME-TT 


CLRF 
ARC 


FRAME 
SPOKE TT 


CLRB 
Cie 
Mien 1. 


PETCHeLT 


RO CT 


Pee HTT 
DASH 


Cine 
FRAME 


SLORs—TT 


LP1:LP2; 
LP3;LP4 
A C/R 
LP5;LP6; 
LP7;LP8 
B C/R 


TRIANGLES C/R 


LP9;LP10 


EMBLEM C/R 


EMBLEM C/R 


TRIANGLES C/R 


TRI C/R 
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EMBLEM and then manipulated. 


COMMENTS 


User selects the two-dimensional 
mode. | 

Clears foreground (not re- 
quired if already clear). 
Clears background (mot required 
if already clear). 

Draws a triangle from LP1l to 
LP2 to LP3 to LP4 (LP4=LP1). 
Names the’ triangel A. 

Draws a triangle from LP5 to 
LP6 to LP7 to LP8 (LP8=LP5). 
Names the triangle B. 

Frames trianges A and B into 

a subpicture. 

Names the subpicture TRIANGLES. 
Clears the foreground. 

Draws a circle with LP9 as 
center and the radius the line 
segment from LP9 to LP1O. 
Frames the circle. 

Stores the picture named EMBLEM, 
which consists of two triangles 
aiicmeas carcle. 

Clears the background. 

Clears the foreground. 

Fetches EMBLEM from storage 

and displays it in the back- 
GEQumel. 

Fetches subpicture TRIANGLES 
and displays it in the fore- 
Gasound . 

Rotates the foreground (both 
triangles) 90 degrees CCW. 
Fetches image A (triangle A). 
Dash function is called and 
triangle A is dashed. 

Clears the background. 

Frames the dashed line triangle 
A and triangle B into a sub- 
pleeure . 

Stores the picture named TRI 
which is composed of triangle 
A, which is a dashed triangle, 
and triangle B both rotated 

90 from the original subpicture 
TRIANGLE. 





A three-dimensional display composed of a rectangular 


solid is constructed. 


FIGURE 3 shows the solid and the 


alphabetic designation of its corners, which are enclosed 


in parenthesis in the example. 


ORDER FUNCTIONS 


al 


2 


10 
el 
a2 
16S) 


14 
bs) 


16 


a7 
18 


a=) 
SCALE 


LINE 


GRAYTONE 
NAME-TT 


LINE 


GRAY TONE 
NAW ir 


LINE 


GRAY TONE 
NAME-TT 
LINE 
HIDDEN 


NAME-TT 
LINE 


HIDDEN 


NAME-TT 
FRAME 


ARUMENTS 


HOrnO; 10 C/R 


LPL LP 2A) 
LP3,LP4; (B) 
LP Seee 6G; (C) 
LP7,LP8: (D) 
LP9,LP10 (A) 


FRONT C/R 


LP11,LP12; (A) 
beYS, Geis; Ce) 
LPI5,LPLG; Ge) 
Ley, Gels; Ce 
LPI9, LP20 (A) 


Sar, C/R 


Le2Zi, be22; (®) 
bP2Z5,Le24, ¢(é) 
LPS, LEZo; (e) 
Lee, lue Zo; (a) 
Bee GE 30 (Dp) 


TOP C/R 

EP 3iy, bee2s (Ge) 
LP33,LP34; (F) 
LP35,LP36 (E) 


EDGE C/R 
LP37,LP38; (F) 
LP39,LP40(G) 


REAR C/R 
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COMMENTS 


Selects the three-dimensional 
representation. 

Sets the scale for each axis 
from -5 to +5. (ABCD) 
Comstructs, the front (ABGD) 
of the solid. 


Shades the front (ABCD) a 
lighter gray. 

Names the square (ABCD) 
FRONT and closes the image. 
Constructs the right side 
solid (ADHE). 


Shades the side (ADHE) to 
lighter gray. 

Names the right side (ADHE) 
SIDE and closes the image. 
ComceLuctes the top Of Hehe 
solid (DCGH). 


Shades the top a lighter 
gray. 

Names the top (DCGH) TOP. 
Constructs the lines BF 
Sacer En. 


Lines (BEF) are changed to 
the invisible mode. 

Names lines (BFE) EDGE. 
Line (FG) is drawn. 


Line (FG) is changed to the 
invisible mode. 

Names line (FG) REAR. 
Baeimousoilidtiwith its hidden 
line becomes a subpicture. 
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NAME-TT 
POINT 
Te 


NAMi-TT 
WITHIN 


er 


BOX C/R 


2 ee ea 


Q C/R 


Q;BOX C/R 


a2 


Subpicture is named BOX. 
Point function is called. 
Normal attention device 
input mode is changed to 
teletype mode and coordinates 
of X=2, Y=2, Z=-3 and scale 
of .75 are entered. 

Names point entered Q. 

Calls the interpretative 
function WITHIN. 

Usual attention device in- 
put mode is changed to tele- 
type mode and Q and BOX 

are entered. Then the inter- 
pretative function WITHIN 
determines whether point Q 
is in BOX and prints either 
TRUE or FALSE through the 
teletype. 





1 IMPLEMENTATION OF GPGSY, A SUBSET OF GPGL, fee TNE 
=.  OBVECTIVES 

GPGSY, a subset of GPGL, was implemented at the Electrical 
Bngrmeering Computer Laboratory at the#Naval Postgraduate 
School. The purpose was to illustrate some of the problems 
that are encountered in actually implementing GPGL into a 
graphic system. (The fact that a primitive graphics system, 
which is extremely easy to utilize and which will be easy to 
extend, 1S not ayailable at the NPS is only a by-product.) 
The primary objective in selecting the subset to be implemented 
was to examine the problems encountered in having a tri- 
level hierarchial language. The necessary pointers and dir- 
ectories to implement the image, subpicture and picture con- 
cept were of specific interest. 

There are many reasons why a subset was implemented in 
lieu of the full GPGL language. The overriding reason was 
the impossibility of fully implementing GPGL with the hard- 
ware available at the computer laboratory. The fact that 
only a subset can be implemented is expected to be the rule 
instead of the exception for most computer installations. 
GPGL was specifically designed so that personnel at a com- 
puter installation can select a desirable subset, which both 
meets the needs and the capabilities provided by the available 
hardware. The selection of the subset at NPS tested this 


hypothesis. 
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GPGL was designed to be hardware independent and this 
was important since the subset had to be implemented on the 
specific hardware available at the laboratory. A desired 
capability for a general purpose language is that it be inter- 
active; GPGSY presented an opportunity to see if at least a 
portion of GPGL was truely interactive. It was also desired . 
to examine the feasibility of giving the user the option of 
entering data either by attention device signals or tele- 


typewriter as permitted in GPGL. 


pee LHe IMPLEMENTED SUBSET 

GPGSY is an interactive, general purpose graphics system 
which permits the user to construct two-dimensional displays 
On a cathode ray tube (CRT). (The hardware utilized was 
not designed for three-dimensional representation.) GPGSY 
requires a storage capacity of 1,843 30-bit words and is 
written in ADEPT, an assembly language. The ADEPT program 
with explanatory comments 1S appended to the thesis. 

The system was implemented on an Adage Graphics Terminal, 
Model 10. The nucleus of the system is the Digital Processor, 
BEEZ, which is a general purpose digital computer with a two 
microsecond memory cycle time and one microsecond register 
to register transfers. The core memory size is 8K with a 
30-bit word length. A two pack disk drive is available 
for auxiliary storage. The graphics terminal consists of 


a cathode ray tube (CRT), teletypewriter, a vector generator, 


a character generator, a light pen and sixteen function 
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switches. A resident monitor (AMRMX) is used to store and 
retrieve programs from the disk pack, to process programs, 
and to control various system components. Portions of the 
monitor are explicitly used in implementing GPGSY by calling 
on it to receive and print teletype necweees: 

With the primary objective of examining the hierarchial 
levels in mind the primitive functions of LINE, (drawing a 
line, which is the basic building component) and ERASE (the 
capability to erase an image) were selected. LINE was, 
of course, necessary in order to construct a display, and 
ERASE was of interest because of the problem of erasing the 
line or lines at the right hierarchial level. 

The manipulative functions implemented were REF (designat- 
ing the reference point for the images or subpicture), TRAN 
(translation of the images or subpicture), ZOOM-TT (enlarge 
or dimish the image or subpicture) and DASH (change all lines 
in the image or subpicture to the dash mode). The REF 
function was chosen because it was needed in order to have 
an anchor point or reference point to manipulate the images 
around. The translation function was chosen as the main 
manipulative capability because it could be more easily 
implemented. It provided the same problems in respect to 
the hierarchial levels as the other manipulative functions. 
A function to increase and decrease the size of the images 
was desired; therefore, Z200M -TT was selected as the best 
function to provide this capability. The problem of which 


hierarchial level should be changed to the dashed representation 
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Was of sufficient interest to warrant the inclusion of the 
DASH function to the subset. 

The storage and retrieval functions included in the 
subset are FRAME (forms and sequentially numbers subpictures) 
and NAME (forms and names images, and names subpictures). 

The function NAME is used to close OuUtgampamage — group all 
the components (i.e., lines arcs and points) drawn since 

the previous image was closed out into one image - by placing 
a unique name in its header cell. FRAME closes out one sub- 
picture and opens the next in a similar manner to the cloSing 
of the images by NAME. FRAME also automatically numbers 

the subpictures for future reference. 

The function TTY was implemented. This gives the user 
the capability of entering point locations for LINE, REF, 
and TRANS by teletype. 

The operating procedures utilized by a user are discussed 
below, from the standpoint of the actions required by a user 
and the responses that the system makes. The user loads the 
program, GPGSY, and executes it with the normal monitor 
commands. The nine functions appear on the CRT listed as a 
menu in the right margin. (See FIGURE 4.) The user selects 
the function LINE with a light pen pick and a cursor appears 
at the center of the screen. The user using the light pen 
guides the cursor to the desired position. When the cursor 
is in position, the user depresses function switch 1 (FNSW1), 
which stores the location in the display list as a move 


(vector with the beam blanked). Then the user guides the 
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Cimcon tO the mext deoqrred position and designates this 
point by agadn depressing FNSW1. This action places the 
selected location in the data list as a draw and a line 
segment appears with the two selected locations as the end 
points. The user continues drawing line segments as long 
as desired. The entering of line segments is only limited 
by the available core storage. When the user selects any 
of the other functions from the menu, the cursor disappears 
and some other interactive action takes place. Teletype 
messages giving the appropriate directions are used as 
responses so the user can utilize the system with hardly any 
prior instruction. After creating some object on the screen, 
the user can select any of the other eight functions. 

The specific actions, which take place when a user 
selects a function by a light pen pick, are as follows: 

(1.) ERASE 

The teletype prints the following message, "SELECT 

IMAGE TO BE ERASED WITH LIGHT PEN." The user then takes a 
light pen pick on one of the lines to be erased and the entire 
image containing this line is erased from the screen. 

(23) Bee 

The cursor appears in the position of the present 

reference point. The user guides the cursor to the desired 
position and depresses FNSW1, which loads the new reference 
point into storage. All manipulative functions are now 


accomplished in respect to this new reference point. 
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(32)... TRAN 





Tie cussor appears at the posmtion of the present 
reference paint. The user guides the cursor in the direction 
and the distance desired and then depresses FNSW1. The image 
or subpicture then translates in the direction and the dis- 
tance that the cursor moved. 


(4.) DASH 





When the user selects this function, all the lines 
in the entire image or subpicture become dashed. 
(5.) ZOOM-TT 
The teletype prints the following message "INPUT 
UP TO 5 OCTAL DIGITS, NEGATIVE DIMINISHES." The user then 
inputs the incremental change in size that is desired. The 
function automatically limits the input from 0 (the image 
is shrunk to a point) to 37777 (the maximum size that the 
vector generator can scale a vector). 
(6.) FRAME 
The teletype prints the following message "SUBPIC _ 
CLOSED, SUBPIC OPENED" with the appropriate numbers in the 
blanks. No further action is required of the user. 
(7.) NAME-TT 
The teletype prints the following message "INPUT 
UP TO 5 CHARS." After the user enters the name of the image 
Mime ee characters |on Hess 7etne Following message is printed 


by the teletype, "IMAGE CLOSED, NEW IMAGE OPENED." 
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(Gp) Tay 
The teletype prints the following message, "INPUT 

POINT (10 OCTAL DIGITS) ." The user types in the coordinates 
of the point and in the cases of REF and TRAN no further action 
is required. With LINE, the teletype prints, "INPUT NEXT 
BND POINT (10 OGTAL DIGITS) OR * TO END,” and continues to 
accept points in this manner to draw a contiguous figure. 

All the functions have appropriate messages which are 
typed by the teletype when the user commits an error, when 
all the images in a subpicture are used, or when all the 
Ssubpictures are filled. 

One of the original principles of the design of GPGL 
was to keep it as hardware independent as possible. GPGSY 
uses a CRT, teletypewriter, digital computer, light pen, 
one function switch, vector generator and character generator. 
Any computer graphics installation should have these devices 
(the character generator might be a software item), so the 
selected subset of GPGL can be considered relatively hard- 
ware independent. The hardware does certainly effect the 
implementation and in the case of GPGSY, the operating 
procedures. The vector generator develops new X and Y 
coordinates for the end points of the vectors which are to 


be drawn by the following formulas: 


X '=DX+SC (X) (X' is the new X coordinate, DX 
is a translation or offset in- 
Y DG See) crement, X is the old X coordinate 


anGmoemis thesscale factor. 
Same for Y.) 
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The DPR2 has a hybrid array which automatically adds the DX 
ama DY®to every point in the display lwst. The register 
containing DX and DY is used in both TRAN and REF functions. 
The interesting point is that if an image is diminished by 
Z00M-TT, the image is dane onan but the distance the image 
is from the reference point is also diminished because of the 
above formulas. If the user desires to diminish or magnify 
only the figure drawn, the user must move the reference point 
to the figure before using ZOOM-TT. Then ZOOM-TT is selected, 
the figure is diminished or magnified in position. This 
presents no serious problem to the user, but it does demonstrate 
the fact that the hardware (to be efficiently used) will 
dictate an order to execution for specific actions. 

There was no problem implementing GPGSY in a conversational 
mode (a rapid computer response for each action of the user). 
Not all responses are graphical since many teletype messages 
are used as responses. This permits a user with little or 
no programming experience to use GPGSY, which is one of 
the design goals for GPGL. 

The most interesting aspect in implementing GPGSY was 
the approach to a tri-level hierarchy within the components 
of the developed display. The lowest level, the image, is 
composed of any number of lines with the same scale, intensity 
and offset increments (DX and DY). Each image has a six cell 
directory which includes a header cell for the name, a cell 
feomthe scale, a cell for the intensity, a cell for DXDY, a 


cell for a dash mask (which is filled with an appropriate 
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mesk when DASH is selected fom the image) and a cell for the 
word count (the word count is the number of words in the dis- 
play list and this number is loaded into the cell when the 
image is closed). Eight of these image directories make up 

a subpicture directory. The subpicture directory consists 

of seven cells which include the same six cells as the image 
directory plus a cell for the number of images filled in the 
Frame (all eight images may not be used when the subpicture 
1s closed). The system has three such directories; there- 
fore, the picture can contain three subpictures. Thus, the 
directories form one large picture directory broken into 
three sequential subpicture directories; which in turn are 
broken into eight separate image directories. (See FIGURE 5.) 
The pointer for the directories is initiated pointing to 

the header of the first image in the first subpicture dir- 
ectory and is moved by computing an offset which is added 

to the pointer as the vector generator proceeds through the 
Gmsplay list. 

GPGSY provides up to 24 images contained in three sub- 
pictures, which make up one single picture. Any of the 
images can hold as many lines as the user desires up to 
the limit established by the available free core memory 
(4220 cells). This hierarchial level has cost the user us- 
angmGPGsY a total of 165 memenm scemisy Gare storage loss 
could be reduced by about one third by loading scale, in- 
tensity, name and word count into half words and loading two 


words into one cell of the image directories. (Since 


82 





PICTURE DIRECTORY 


SUBPIC1/ IMAGE 1-1 


IMAGE 1-2 


SUBPIC2/ IMAGE 2-1 


SUBPIC3/ IMAGE 3-1 


DERE CTORY "SUBP ICL 


DERECGTORY SUBPIC2 


*Variable names used 
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in the computer program. 


ERGURE 5 


83 


*DBinke: 


PBL 


[DBEK 21 


RAS We heo al. 


Suis 


*WCNT1 
*TReh 
OBE 


aL BeNs 





storage utilization was not a serious consideration and 
utilizing half words increases the complexity of the system 
this was not implemented in GPGSY.) Considering this savings, 
a tri-level hierarchy using the basic philosophy used in 

GPGL would cost the user approximately 110 memory cells 

per picture, or approximately 35 cells per subpicture added. 
If additional capabilities are meccee such as rotation, 
Gms costsin storage would increase slightly. The three 
level hierarchy is quite adequate for demonstrating the 
capabilities of computer graphics to computer-oriented 
students and is adequate for most electrical engineering 
applications. Certain applications in the mechanical 
engineering field, especially those that pertain to gear 
trains and the movement of pistons and their related parts, 
may require more than the three levels provided by GPGSY. 

If these special applications are to be handled by GPGSY, the 
number of hierarchial levels of the system would have to be 


increased. 
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V. CONCLUSIONS 


One of the considerations taken into account in select- 
ing GPGL was the possibility of developing a single general 
purpose graphic language to handle all computer graphic 
applications. Although GPGL is a general purpose graphic 
language in that it can be used with many varied graphic 
applications, it is not suitable for all computer graphic 
applications. A mechanical engineering application, which 
would require more than three hierarchial levels, could not 
be effectively implemented with the present version of GPGL. 
Since many installations will use intelligent terminals with 
a small memory storage capacity, an all-inclusive general 
purpose language with its tremendous storage requirements 
could not be utilized by these installations. Most user's 
would use only some of the capabilities which would be 
provided by a single, all-inclusive general purpose language 
so that time and storage utilization would not be efficiently 
used. For maximum efficiency, a graphic language, which 
provided only the capabilities desired by the users, should 
be implemented. With the present state of the art, it is 
BO emeeao Ole toOVdesigneandeewsjee saeco le Gmopnc language 
which can be used efficiently for all known applications of 
Gomputer graphics. 

in) considering whether scniescmbGeouiine Om syntax approach 
should be used to implement a graphic language, it was pre- 


viously mentioned that both approaches have advantages and 
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disadvantages. The decision as to which method should 
be used must be decided on an individual basis. Since the 
syntax method usually requires larger memory storage capacity 
and more programming expertise, it is felt that with the 
present state of the art, more installations will use the 
subroutine approach than the syntax approach. 
The basic capabilities required of a general purpose 

graphic language can be provided with the following functions: 

LINE 

ARC 

ERASE 

TEXT 

ROTATE 

TRANSLATE 

REFERENCE POINT 

SORE 

rETCH 

NAME 
GPGL provides all these functions plus many optional 
capabilities. The analysis capability and user-defined 
function capability are two of the more important options. 
The analysis capability is explicitly provided so that the 
user can do more than just draw pictures. The ability to 
program user-defined functions in GPGL gives the user the 
needed flexibility to handle many graphic processes which 
could not be as efficiently handled without this capability. 

GPGSY, the implemented subset of GPGL, contains only 

Five of the above required functions. The additional five 
functions should be added to GPGSY if the system is going 


to be used as an effective graphic system. These additional 


Functions can be added without any great difficulty, but 
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the storage requirements would be significantly increased. 
In order to provide the user-defined function capability, 
the necessary teletype functions would have to be implemented. 
These include the user-defined instruction set, the teletype- 
system commands, the teletype-editor commands and the key- 
board mode command. Implementing these functions would be 

a more difficult task than completing the basic requirement 
subset. The implementation of these functions and the user- 
defined functions, which would be created, would greatly in- 
crease the storage requirements of the system. In order to 
develop GPGSY into a true interactive, general purpose 
graphic system, these additional functions should be 
implemented, even though these changes are costly in storage 
and man hours. 

The tri-level hierarchy of GPGSY provides a capability 
which is adequate for many applications. The cost of over- 
head can easily be reduced to 110 memory cells per picture 
(where three subpictures and 24 images are in a picture). 

The ease provided in manipulating the images and subpictures, 
which form the picture, is well worth this cost. Consider- 
ing the trade-off between the necessary overhead in imple- 
menting hierarchial levels and the flexibility provided, 

the selection of three hierarchial levels appears to be 


excellent. 
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VERSION 14 REVISION A CREATED 06 DEC 71 DATE PaAG® 9601 
EXPUNGE 
TITLE GPGSY 


ENTRY GPGSY 


C EXTERNAL ENTRIESe SOFSTSPRINTS THE STRING BN TELETYPE «HICH FALL940S THE CALL 
C e SICCSFETCHES A CHARe INPUT BY TELETYPE CIN AR) 

C @ SWTISHANOLES THE BACKGRAUGNDswHILE SICC HANDLES FIREGRAUNS 
C ALL IN AMR™X (ANT TAR) 


C INITIALIZATION 
C CBLKie MEAD @F DIRECTARY 
C ROUTINE ENABLES SCSPEsAVGsFRAMECLSCK,FUNCTION SalI TCHES 


SPGSY3 0 
AR™D SAVEAR (SAVE THE AR REGISTER CENTENTS 
MDARIF FCLER 
ARMD CLKPY 
MOARIF 2BLK1 
AR“D DBLK (L@A0 LEC 8F HEAD SF DIRECTSRY IN DAL«K 
MS1O'L 
60400VH 
MOICte'L 
909080VH 
MOL’ SCAL (SET SCALE 
M336 INTENS (SET INTENSITY 
M910°@'L 
1O0COVH 
( ORAw TEXT RAUTINE 
C FFLAG*FLAG SET T@ LAAD DTEXT WITH ENTRY ADDRESS 
C ICFLGeFLAG TOA TELL CLECK IMASE IS DRAWN 
( CURFGeFLAG SET T@ DRAW CURSSR 
C FLGLeFLAG USED TE KEEP FR2S™M SETTING MULTIPLE WITS 9N DESIGNATING PSINTS 
C LPFLSG*FLAG USED T8 KEE® LIGHT CEN SFF 1 SECe 
( LPCNTeCYCLE C8UNTE? Te KEEP LIGHT PEN SFF 
C INCTXTe INCREMENTS FETCH FAR LO4 


C RAUTINE DRAWS TEXT FAR FUNCTIDN ANE AT A TIME 


Ore xT s 0 
“SAR FFLASG 
JPLS 06 
MOAR SPSSyY vk 
MDARIA “ASKS 
MOAQ'S MASKS 
AR*D STEXT 
AR“O'8 FFLAG 
ARXPIF 
ARC IDFLS 
CORA TEXT REUTINE CONT. 
MOAR CURFG 
JPES eve 
ee STEXT1 
SSARIF 
JPAN OFSPT C IF NEGATIVE Jum? TE DESIGNATE POINT 
ARXG@IE 
AR“D FLS1 
OTEXMT i 0 
MDARIF LPLER 
ARM) LPNPV 
MOAR LPFLSG 
JPLS SKIP 
MOAR EPCNT 
MDX3 LPMASK [ “ASK 7.8°PER“]T CIGHT PEN TURN 98% 
JPLS SKYPY 
ARXBIF 
ARMD LPCNT 
MDAR @NE 
AR“D LPFLS 
SKIPS mD10 °C". 
20vH € TJRN SN LIGHT PEN AGAIN 
SKIP: MDLO'A “MaSK12 ( TYJRN SFF AVS 
“907 ZER® 
MOAR 'F Oa TeXT 
MOARIA “ASKS 
ARO INCTXT 
MOARIF ORTEXT 
AR™“D 77735 €C ORTExXT IS TEXT DISPLAY LIST 
MDARIF TXLER 
ARMOD 77736 
MOARQIF TXLER 
ARMO 77737 
1) ag eas 
moICcre TEN ( DRaAw TEXT 
MOAR SAVEAQ 
MOIR TEXT 
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DORA’ VECTORS RSUTINE 


C FUNCTION FLASS@IF SET SA 18 RIUTINES FAR ACTION REQ 
C CURFGeFLAG SET T® DRAW CURSAR 
C BCNT*CE8UNT TS CETERMINE WHICH IMAGE IS TA BE DRAWN 
C TBCNTeTATAL WHEN ALL IMAGES CRARN 
C CONT10220,30 SEPENOING AN waHICH SJBPIC 
C FRESI°FLAG TA SHAW IN SyaPIce 
C FRFG2eFLAG TA SW8n IN SUBPIC3 
C IMCFGeFLAG ANCE SET OIRECTS THE PREGRAM FLOw THRAUSH I“CLA 
C BASIC VECTAR SRAWING REUTINE, JUMP SUT T9 HANDLE FUNCTION ACTIANS AND - 
C RETURN*LBADS NECCESSARY REGISTERS 3Y LS8PING IN TT F9R EACH IMAGE KHICH - 
C WAS SOMETHING IN IT TO ORAWe 
ORVECS JUMP e 
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JSLS FRAY 
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MoO @ "LE 
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MOAR TRANFG 
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MOAR ERASEFG 
JSLS ERASE1 
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AR”5 TEMPS 
MOARIF ook 
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MOART] TEMPS 
MDxA MZERO 
JPLS Vi 
MOAR FRFG2 
JPLS SK] Pe 
MOAR FRA”EFG 
JSLS FRA“3 
MDAR FREGI 
JPLS Tay 
Jump SKIP 2 
vie M3 AR IMCFG 
JPLS J4eEL i 
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“MDO7'IT'x TEMP CLAA0 OXDY FBR THIS IMAGE 
MOAR'X TEMPS 
m1? | TEMP CIF DAS4HMASK IN SET OASH “9905 
V3: MOARIX BCNYT 
MOIR'X 77756 C DRAw VESTORS 
MOARIN EPLFG 
JPAN ee] 
MO1O'A MASKia 
JuMP Tt 
SKIPO?s “9aR SCNT 
AR™D TBCNY 
ARXBIF 
ARO BCNT 
ARY5 FRFG1 
ARYMO FRES2 
“M95AR SNE 
ARY¥O IOFLG 
MOAR SAVAR 
MOIR ORVEC 


89 





ae) 


vr 


FRAME FUNCTIAN 


See 

5-3 C FFG1eFLAG SET wHEN BEEN THROUGH ROUTINE ONCE AFTER FIRST LIGHT PEN wT 
Se C FFG@eFLAG SET wHEN BEEN THRUGH RSUTINE ONCE AFTER SECSNO LIGHT PEN HIT 
5.5 C WOONTewW8RD CAaUNT CURRENT SUSPIC 

5b C TWONT*T9TAL #9RD CEUNT OF SUBPIC BEING CL9SE9D AND ayy PREVI@US SUBPICS 
5.7 C CAONTI@CS8UNTER TA EXIT Lasp 

§e10 C ICFS*FLAG SET IN wB3L8P wHIC4d SHOAS ALL IMAGES IN THE SYBPIC ARE CLOSED 
Sell C TSCNLSCAUNT ar IMaGES IN FIRST Su8PIC 

Sele C TBCN@*COUNT 8F SUuBPITS « 19 IN SEC9NO SUBPIC 

5°13 

Sels C R@UTINE CLeSES SUT Q@NE SUBPIC AND PPENS THE NEXT OYE BY STORING THE «823 
Se15 C CSUNY OF TRE 9L2 SUBPIC ang IMAGE COUNT THAT IS JSED FSR THE OFFSET TA 
Reels C THE OIRECTSRY. 

S17 FRAMY: JUMP ° 

6.20 ARX@'F 

Seci AR”O [CFS 

Se22 MOAR FRAMEFG 

5°23 “3x8 9NE 

Se2e JPLS FRY 

B25 MOAR FFGI 

526 JPLS END2 

5027 MOAR ONE 

5-30 AR™O FFG 

531 JPSR SOFST C PRINT VIA TELETYPE STRING 
5-32 STRING ! 

6.33 SUSPIC 1 CLESED, suBPIC 2 OPENED 

©.34 7 

6.35 Fi: MAR wCSNT C FETCH WORD COUNT SF CURRENT SLarIC 
536 AR=C ACNTY 

§.37 ARMA PAG ot 

544 MOAR TBCAT 

S41 ARVO TBCNI 

5e4a ARXB'F 

5e4Q ARMD WCONT 

Fey MAR Jae CADDRESS SF T+E HEAD 9F DIRECTORY 
Be4S 43aE Tw9 

Che ARO TEMP 

5247 MOAR TWEN 

5.5¢ ARVO C@NT 

RS} QVERS “SAR ZER® C LOOP wHICH ZER@ES INTENSITY 
5-Se AR“O'T] TEMP Y 

&.53 MDARIX CONTI 

= 54 “SAR TEMP 

e.S5 MOAE SIx 

5.56 AMO TEMP 

5.57 MAR Cost i 

56D “3x8 TEN 

5 ebt JPLS SVER 

562 ARXOIE 

5043 ARMO CENT} 

Beha JP END2 

bel C FRAME FUNCTI9N CANT. 

bee 

63 PRI MOAR FRAMERS C THIS PO@STI$y savcles EESSING SuseICe < 
be bas |) Th9 { ANO SPENING SuBPIC3. 

605 JPLS FRO 

heb MOAR FF32 

be? JPLS END2 

6e1C MAR aNe 

6ell AR™O FFS2 

6el2 JPSR SEFST C PRINT STRING THAT PALL94S 
6e13 STRING ! 

bel SUBPIC 2 CL9SE0, SJB°IC 3 @PENVED 

6015 ‘ 

Kel Fos MAR WCSENT 

&el? ARMO aACNT2 

420 MOAE TWCNT 

&e2i Age) THCNT 

&e2? MOAR TBEXY 

4223 AR“D T3aCcNe 

Sees ARXS IF 

&e2S5 ARMD WCENT 

6026 MOARIF SBLK21 

Kee? “DAE Tw 

6*30 ARMO TEMP} 

6e31 MOAR THIR 

6«32 ARMO CANT 

633 JUurP BVER 

603% 

6«35 FRO; JPSR SOFST CPRINT STRING THAT FOLLAAS 
6036 STRING ° 

4037 ALL FRA“ES FILLED 

6049 i 

bed] MARIE DATAY 

«42 MOAE Laer 

6243 “OAE WCANT 

&e4s “MOAaE ONE 

6045 ARFO TEMPS 

Ke4h MOAR “asKk9o 

&e47 AR™Oty rea 

ase0 “Dak THONT 

6°51 MOAE Tws 

6052 ARYO TWONT 

6053 Enda: MOIR FRa™t 


a8 








Pol 
Fee 
7e3 
Fe 
735 
706 
Je? 
7an0 
Felt 
Fele 
7013 
7els 
7015 
7016 
7el7 
7°20 
7e2l 
7022 
7023 
Fees 
7025 
7026 
7027 
7230 
7e3l 
7032 
7033 
Fede 
7035 
7036 
7°37 
1004 
10ee 
1003 
{Cea 
100s 
106 
1Ce7 
10e1C 
1Cel! 
10c<ele 
TGet 3 
1Cels 
1C«35 
10016 
{ogei? 
12420 
1Cee2l 
10«22 
1C+*«23 
1026 
1Ce25 
10026 
19027 
10+«30 
10+«31 
1032 
13033 
1Ce34 
10¢35 
10+«364 
1037 
{ood 
LCs! 
1de4se 
1043 
{Deas 
10245 
1346 
1Oea7 
10«SC 
105! 
10«Se 
10°53 
16054 
tors 
1056 
19057 
10+«6D 


C FRAME 3 FUNCTIB8N 


C ROUTINE USED T9 CHANGE BCAT(IMAGE CB8UNT) T9 THE CBSRRECT FISURE - 
C IN SRDER T8 CE”“PUTE THE CORRECT SFFSET TO THE DJIRECTSRY BECAUSE 
C ALL TEN IMAGES PER SUBPIC “MIGHT N8T BE USELe 


FRA: Ju”P e 
MDAR BCNT 
MOAEIN TEN 
JP AN eee 
JUMP FRS 
“0 xe MZERS 
JPLS 002 
JUMP FRS 
MDAR SNE 
ARMD FRFGL 
MDAR TEN 
ARM) BENT 
MDIR FRA“3 

FRS$ MDAR FRAMEFG 
“Dx6 Tw9 
JPLS FRE 
MDAR ThEN 
ARMO BCNT 
MOAR SNE 
AR™D FREC1 
AR™MD FRFG2 
“DIR FRa“3 

FRE: ARXB'F 
ARYD FRFGI 
MOIR FRA“ 3 


C NAYE FUNCTIAN 


TYPEFGeSET Te KEEP FRO” PRINTING THE TELETYPE “MESSAGE FASH ENTRY 
NAPER®CELL «WERE NAME IS paRwen 

CNTEReCAUNTER TA CHECK 94 NUMSER SF CHARS. ENTERED 

WBADReADRESS 8F HEACER 9F [4agF DIRECTERy SPEN 

ICFGeFLAG SET IN WSL9P wHICH SHAWS ALL IMAGES: IN SUBPIC ASE CLOSED 


recs 


C ROUTINE CALLS FSR NAME OF I“aSE 79 BE INPJTTEDs AND STS2ES IT 
C IN HEADER 6F IMAGE DIRECTORY 
NAMES? Ju~P . 
“DAR TYPEFS 
JPLS AGAIN 
MOAR ONE 
ARMD TYPEFS 
JPSR SOFST C PRINT INSTRUCTIONS 3Y TELETYer¢ 
STRING ! 
INPUT UP T8 S CHARS 
' 
AGAIN! “DAR IL 
Jo”? WAITY C UJM> TO wAIT ROUTINE LOADED IN suTi 
AR™D ssT1 
JPSR SICcc C FETCH TELETYPE CHAR (IN AR SN RETYR\) 
AR™“D TEMP 
“Ove FIFT 
JPLS e+e 
JJMP BVERY 
MDAR CNTER 
43x@ ZERA 
JPLS N1 
MDAR TEMP 
ARLS 30 
N9eP 
“MDAR'S NAMER 
AR™D NAMER 
MOARIX CNTER 
JUuY’P ASAIN 
Nt: MDAR CNTER 
“9xe@ SNE 
JPLS Ne 
MDAR TEMPY 
ARLS 2e 
N96P 
MARIA NAMER 
AR™D NAMER 
MDAR!x CATER 
JUMP AGAIN 


9 | 





Piet 

Liee 

fie 3 

Liles 

11¢S 

116 

11-7 

L1e1° 
Lle1l 
Llete 
11«13 
Liles 
Tiers 
Lile1lé 
Liel? 
11620 
eet 
Lie?re 
LLe?3 
Llees 
1Le?75 
tlecé 
11077 
Walters. 
tle3t 
fesse 
11e33 
Lle34 
11-35 
LLe36 
1137 
tLest 
Liesl 
Les? 
ties? 
LLes4s 
L1e4é& 
Lie«é 
Liew? 
Pie =C 
JieSl 
11-52 
11°S3 
13«S4 
TieRS 
~LeSs 
11+«S7 
L142 
LLeAé! 
Liebe 
tee} 

t2e2 

le 3 

{Cau 

17065 

te06 

Lee? 

1e61C 
ae} 
tPete 
feei3 
Lee14 
eel = 
ten16é 
testi? 
te-2c 


{C NAME FUNCTION CONTe 


N28 MOAR CATER 
MOAR CNTER 
MDXxe Tws 
JPLS “3 
“JAR TEMP] 
ARLS 14 
N@eP 
49AR'B NAMER 
ARMOD NAME 
MOAR'X CATER 
JUMP ASAIN 

a4 “DAR CNTER 
45 x8 THREE 
JeCS N4 
MOAR TEMP! 
ARLS 6 
NAEP 
MDARIAB NAMER 
AR*S> NAMER 
MOARIX. CANTER 
JUYP AGAIN 

a? “JAR CNTER 
“7 xe FAYR 
ZJeLSs NS 
MOAR TEMP! 
MOARIA NAMER 
ARYS NAMER 
“J 4RtX CNTER 

oe JyrP AGAIN 

ee PSK 

Beers, JPS SPEST 


®PNLY FIRST FIVE Crane ACCEPTED 


SVERL: JESR AGL ee 
“M9AQ ICFs 
JeLS ne 

N65 MD AR yee 
Aa] WRATR 
“J Ar ICcrS 
JFLS FINIS 
MAR APB ATR 
Mau. ve 
ARYS Tess 
“JAR AC9° 7 
ARVO Tese3 
JJ*P FINIS 

CNAME FUSCTISS CENT. 

ESPYs SR 

ee JPSK SAFEST 


ALL I™MASFS Jame THIS RUQeTE 


§ 
Fit ys: JPSK 
STwiss) ¢ 

IMAGE CLOESEDONEn IMAGE SPEED 


SPE ST 


AQXRIF 

fare NAMvEQ 
AR*)D \AMoreS 
AQ“D CATER 
ARS TYSEFS 
Sank NAMEY 


OZ 


[125 MANY OCH aS se iS TEar > 


CEE ACLOTMAGES OSES 


OR on eS CE SSE op See Betty ese 





3«7 

1302 

1363 

1304 

1305 

136 

1307 

{3*iCc 
1 ais tt 
iaete 
13613 
13°14 
1361S 
13°16 
13°17? 
13e2Cc 
13ee2l 
13622 
13°23 
{3<«o4 
{30258 
13°26 
13°27 
13030 
130631 
13°32 
1333 
133% 
13°35 
13°34 
13°37 
13°49 
13-4} 
13°42 
13043 
13044 
1304S 
{3046 
13°47 
1365C 
13°81 
{3052 
130«§3 
{3064 
13085 
13°56 
13°57 
T306C 
{3°é1 
1362 
13°63 
14e1 

{see 

1403 

{Sou 

1465 

1406 

1ae? 

14etC 
ise, | 
Teele 
Loets 
{eels 
THelTF 
Peel& 
14e17 
L4e2e 
1%e2) 
1Se22 
19023 
{hePpe 
14025 
14224 
Lee? 
1403 
14e31i 
{#232 
1433 
14034 
14-35 
140636 
140937 
1#e4c 
teoel 
leeuc 
L4eug 
Leeus 
$HeuS 
1#e46 
Laeou7 
14#e5C 
14eS1 
14°S2 
Saeeg 
LoeS4 
14-655 
14°54 
14057 
14060 
14°61 
14°62 


C TELETYPE FUMeyT ION 


enn mee ret 


rer 


Tiyodes 


STPING 


INEUT PSN 


AGATN2: 


C TELETYPE FUNCTION CON Te 


Sx<IlP22: 


TL3 


SKIP233 


Tes 


corP 


T3¢ 
STRING 


JUYP 
JPSR 


PTCSRILSCSSRIINATES SF PSINT @NE 
PTCERO2eCASRIINATES SF PAINT TWS 
PTCNTePSINT CSUNTER USED TA GO 8 CSRRECT ENTRY 
TTYCNT*TELETYPE INPUT CSUNTER 
LFS1*°USED IN DESPT TS SW8n TELETYPE END PSINT 

TRANFGL*FLAG JSED IN TRAN TS SHOx OBINT RECEIVED 
ERRFGe FLAG SET IN CHECK ROUTINE TS SHOn ERROR IN TY 


SOFST 


(10 @CTAL OIGITS) 


MOAR 
JPLS 
MBAR 
JPLS 
MOAR TL 
ar 
ARYD 
JPSR 
AQ™“5 
MSAR 
JPLS 
JUYP 
“FAR 
4Oxs 
JES 
Juve 
MS AR 
42x80 
JPLS 
MAR 
“5x9 
JPLS 
JJIVP 
JJ¥P 
ARXPIF 
ARF) 
MOAR 
JPLS 
“AAR 
JPLS 
JJrP 


JPSR 
“AR 
JPUS 
MPAR 
MOARIA 
ARYOS 
MOAR 
JPLS 
“AAR 
MOAK'O 
AR“? 
valer ' X 
“x0 
JPLS 
JJYP 
MBAR 
ARLS 
AR™“S 
JJYP 


MOAR 
MARIS 
ARY*O 
MOARIYX 
“OxA 
JPLS 
JU“P 
MOAR 
ARLS 
AR”) 
Jae 


MAR 
JPLS 
MDAR*X 
JPSR 


REFG 
mo” 
TRANFEG 
TRATY 


awAITI 
SwTl 
sIcc 
TEMP 
LINEFS 
e+? 
45 
TEMP 
FIvEe 
eee 
FINI? 
TEMPY 
FIT 
SKIP22 
TEE NT 
TWELVE 
+2 
eee 
ERR?e 


Tone) 
REFS 

RCgKP 
Tew ee 
TCSP 


csp 


CHECK 
ERRFG 
ERR? 
TesP} 
SEVEN 
TEP] 

yt ee 
SKIPe22 
TEP, 
ete 2! 
PTCes1 
TTY ae,’ 
TWELVE 
ed 

T! 
PTcorm: { 
3 


PTCPERD 
AGAIN2 


TEMPL 
PTC2R52 
PTGsRae 
PrYONT 
TWELVE 
+2 

T2 
Peer e 
3 
PTCeERDZ2 
AGAT*2 


PTC T 
Coyr i 
PTONT 
SCFST 


ROUTINE PERMITS TELETYPE ENTRY INSTEAD OF 
CF POINTS FER LINEs TRAN, REF eSENDS LINE 
C L9AD INTS THE CISPLAY LIST AND L9a9 IMAGE DIRECTSRY. 


NORMAL LIGHT PEN ENTRY « 
END PCINTS TS Seat Ta « 


C PRINT INSTRUCTISNS 3Y TELETYPE 


C ESA JUYP Toear ty RG TINE PN #07? 


{ FETZH TELETYPE CHAR. 


CGtEeK Coane Ste Pes T ant 


C ERRIAR S® 


INPUT NEXT END PSINT(IC BCTAL DIGITS) °R e T8 END 


ARXO'F 
AR“D 
JJYP 


MOAR 
AR™“D 
MDOARIX 
JUMP 


Plea oe 


AGAIN? 


9\E 
LFG1 
PTCAT 
JU 


a5 


JIM 12 ERR 





1S6] 

1S92 

153 

1504 

1965 

156 

1507 

15010 
15<i1 
1Sete 
{oni 
15014 
15475 
15°16 
15047 
15-20 
15°21 
1522 
15823 
189024 
{S62 
12-26 
15027 
15-3¢ 
18+31 
15°32 
15033 
15034 
15435 
1536 
45037 
15e4ad 
15041 
(See? 
15°43 
{Sees 
16045 
1E946 
15047 
15-5C 
18051 
15°52 
1£°53 
1554 
15655 
1856 
18°57 
15+6¢ 
15°61 
15°62 
1543 
1506s 
t&el 

162 

163 

LAe% 

1605 

166 

{ae7 

1601°% 
T6eL11 
160«12 
16013 
Theis 
16015 
L6eeLl4é 
16017 
fee: 
162% 
1&e22 
tSe23 
16924 
{6025 
16°26 
16°27 
1603¢ 
1631 
16032 
1633 
163% 
16035 
1636 
4$6e37 
1604S 
16¢e41 
1Sea2 
16e43 
16644 
16645 
1{6ea6 
1&e4%? 
1660S 
16051 
1652 
1653 
165% 
16655 
16056 
16657 
16060 
16°61 
14°62 
16°62 
166% 
16045 


{ TELETYPE FUNCTIN CO8NTe 


FINEL3 ARXBIF 
ARMO LINEFG 
AREO TTYFG 
AQMD PTC@RD! 
ARMO PYCARD2 
ARFO PTCNT 
MOIR Try! 
nee 2a ONE C THIS PBRTISN HANDLES REF FUNCTIEN 
ARM) PYCNT 
JUMP AGAIN? 
RCIMP; MOAR PTCARD2 
MOARYA MASK6 
AR“D NUMB2 
ARXAIF 
ARMD REFGI 
JUMP FINI! 
wane Y MOAR NE C THIS PBRTISN wANDLES TRAN FSACTIAN 
ARM) PICNT 
JUrP AGAIN? 
TCOme : “OAR PTG-sve 
MOARIA MASK6 
AR™D NuMa2 
ARXS'F . 
AR™“O TRANFS! 
JJ¥P FINI! 
ERR23 “aR LINEFS { ERR9R HANDLING PART 
eee eo2 
Juve ER2Q2 
JPSS SSFST C PRINT STRINS FA? LINE ERRIR 
STRING ! 
ERSBR,INPUT FIRST END PRINT AGAIN C10 SCTAL SISITS) AND C/2 
? 
ARKBIF 
ARYS PTC\T 
JUMP ERRs 
eeca" JPSR SEFST (C PRINT STRING FEF TRAN AND REF 
STRING ' 
ERQBR, INPUT PRINT AGAIN (10 @CTAL DIGITS) AND S/2- 
, 
“OAR 9NE 
ARYD PTCAT 
ERR4s ARXA IF 
AR™D ERRFG 
ARMS TTYCKT 
Juve AGAIN? 
C FRASE FUNCTION 
C ROUTINE SETS LIGHT FEN PIVST F8R ERASESTURNS LISHT PEN SN We 
C AND GIVES APPREPRIATE INSTRUCTIANS TI USENe 
ERASELS Juve ° 
NOea te ELPLER 
AR~ OD LPNPV 
“OIc'e'L 
207 
MOAR TYPEFG 
JPLS FINIT2 
JPSR SeFST 
STRING ! 
SELECT I™aAGE TE ERASE alTH LIGHT PFN 
% 
MOAR SNE 
ARS TYPEES 
FINT2:3 “oR ERASE} 


C ERASE LIGHT PES MANCLER 


BO. TeCAUNTR atICH SKO8WS aWAT 1¥AGE IS CURRENTLY BEING ODRAAN 
TACNTOTET AL wPRO CSUNT IK OISPLAY LIST «HEN LAST SUBPIC CLOSED 
DATALeHEFADER FER DISPLAY LIST 

CALKeADDRESS SF HEADER FBR DIRECTSIRY 


"neers 


(C ROUTINE LOCATES wHICH IMAGE IS BEING REFRESHED AT TIME OF PICK -@ 
C BY SCNT AND ERASES THE ENTIRE [AGE 


ELPLERS 3° 
AR“) SARL 
MOAR DATA 
“5x4 MZERA 
JPLS Ei 
JUMP END3 

Ei: MDAR BCNT 
vonG SNE 
JPLS Ee 
MDARIF DATAL 
ARMS TEMPS 
JyvP AGAIN3 


€C ERASE LIHT PEN HANTLER 


E2: “DaR 8cN’ 
ARLS 2 
N&EP 
MOAE SCNT 
MOAE SENT 
MOAEPN SIX 
ARYD TES y 








171 
172 
17¢3 
174 
17-5 
17°6 
17¢? 
17°10 
17°11 
1Wele 
17013 
17014 
1715 
17¢16 
17¢17 
17°29 
t7e2t 
17°22 
17°23 
17e24 
1762 
17024 
17e2? 
17030 
17°31 
17°32 
170323 
{734 
{7935 
17034 
17°37 
T7Feas 
17eal 
17Peae2 
17es3 
170% 
1704S 
17046 
17047 
17eSC 
17°51 
17°52 
17°53 
1754 
17°¢55 
17°S6& 
17S? 
1769 
1761 
17°6¢ 
17°63 
eCel 
Pce2 
7003 
Clee 
Poe 
2096 
ece? 
eCeic 
eceill 
esie 
eCe13 
25°14 
eceiS 
2Cel6 
20°17 
ete2d 
2teel 
ese22 
20023 
Powe 
2Ce25 
20426 
29+27 
2263C 
20031 
25032 
20633 
20+34 
035 
20 +36 
20037 
PC eed 
2oe4) 
20042 
20043 
CC ous 
20e4F 
20046 
Cee? 
Ce59 
eceS5i1 
20052 
20353 
2CeS4 
20955 
20256 
20057 
2ce460 
2Or61 
20262 
20°63 


C ERASE LIGHT PEN WANOLER CANT. 


MOAR SBLK 
“9ac TEMPY 
MOAETN SNE 
ARMO TEMP 
MOARIY TEMPY 
ARMD TEMPS 
MIARIX TEMPY 
MARIE 98L«21 
“5x4 TEMPL 
JPLS eo4 
MOAR acs T 
AR™OD TEMP. 
JIMP £3 
MIARIF OBLK31 
“3x8 TemPy 
JPLS aes 
MDAR TWCNT 
ARM) TEMP as 
JSP £3 
“OAR FRAYEFG 
JPLS eee 
JyMP 005 
“43AR TEMPS 
MOAE TACNY 
ARO TE“PY 
voeP £3 
“3aR TEMPS 
AR™“O TEMPS 
Foss MARIE SaTAl 
MOAE TEMPS 
AR™D TEMPS 
ASAIN: MOAR'T 'h TrMos 
“SARTA SNE 
JPLS E4 
MARY] TEMPS 
MIAR'A MAS«K19 
AR™D!] TEMPS 
“9JAR'X TEES 
JI“P AGAIN] 
Fes MART] TE<PS 
MSARtA “MASK1O 
AQMD] TEMPS 
SOLO A MASK? 
FXO3:3 AQKSIF 
AR“O TYPEFSG 
AMS ERASEFS 
“SAR Sari 
JIMP P] ELPLER 


CREFERENCE PSINT FUNCTIAN 


C 


errr re 


“UMSLeNYYBER 13 SUBTRACT T9 SE SUBTRACTED IN Sap 

PUMP2eNUMBER weICH NUM31 IS Sy?TRAZTED FREY IN Sus? 

CxSveL OC whERE OLFFERENCE IN x (S14 BITS) AND y (15°29) I35 STSRE95 
MOVFGe SET IF CISPLAY LIST «9R3 aAS A VAVE 

REFPT@ CELL IN nMICh REFFRENCES PSI\T 15 STeReS 

WBADR@ADRESS SF HEACER SF SPEN [vate 


C ROUTINE LSACS SUBTRACTS SLD REeERENCE PSINT FR°~ THE \5,. 9\F DESIGNATED « 
C AND LOADS RESYLT IS IMAGE SIRECTSRY AS SFFSET IACREMEAT(T9 ar LEADED IN o 
C OF REGISTER) AND SUBTRACTS SAYS RESULT FRO” FAtH w9RD TN IMAGE DISPLAY LISTe 
C L€@ADS NEW REFERENCE PSINT IN REFPT 
REPT. JUMP ‘ 
“MAR TTYFG 
JoLs TataVal 
RC@uPy; “9a REFS1 
JPLS ERS 
MOAR 1CFS 
JPLS reece 
MOAR REFPT 
ae > NUMB 1 
JPSR SUS2 
. “3a NUMSt 
ARS Sx9yY 
MOAR NUM22 
ARMS REFPT 
JPSR +BLOP ( JuM? 18 FIND @uT BPEN 1“AGE 
MOAR WQaTR 
MOAEMN SNE 
ARO TEMP YL 
“DAEYN D8LK C SUBTRACT T8 HEAD OF DIRECTORY ADORESS 
JPAN eee 
JUMP 0 oy 
ARXA'F 
AR™D TEMP? 
JUMP RO 
MOAR] TEMP Y 
AR») TE-P2 
“54aR FRAMEFS 
JPLS +2 
JSIMP RO 
MOAR 'X TEMPY 
MOARIFE DAL K24 
MOx9 TEMPY 
JPLS eee 
JSP 003 
MOARIE 53L«31 
“5x8 TEMP 
JPLS oy 


Se. 





ete} 

2lee 

2103 

eles 

2105 

2106 

ele? 

2110 
2leil 
@leite 
eilel13 
Pilels 
€1e15 
Ple16 
eled? 
2le2d 
2leal 
Plec2 
21°23 
2lees 
21025 
ele26 
Alco? 
21¢<¢3% 
eie31 
2le3e 
P1-33 
21434 
21°35 
21034 
21037 
eleaed 
eCles) 
Elese 
clea] 
Pleas 
21045 
P1L-2%6 
C1-+47 
21e5¢ 
210651 
P1*eS2 
21°53 
21054 
21-55 
21+56 
21¢57 
e1e6S 
2le61 
e1e6? 
21063 
PLlebs 
21¢6éF& 


2A ol 

Pee2 

2203 

Coles 

fees 

2206 

2207 

Peeic 
eAel? 
2eete 
22043 
22014 
eeei5 
22e16 
Ceel7 
22026 
eeee2l 
22se2 
ceeP2 
22024 
22025 
22°26 
220027 
22033 
2ee3l 


C REFERENCE PSINT FUNCTION CB8NT. 


RO: 


C REFERENCE °9INT C947, 


23: 


C CHECK FAR SIGIT IN CBDE 


C ROUTINE CHECKS TELETYPE JNPUT as 


C SETS ERRFG 


CHECKS 


MDaR 
ARFO 
JUMP 
MDAR 


MOAE 


AQMD 


MDARIF 
MOAE 
ARS 
“3aR 
ARYC 
MDAR! To 
MDARIA 
web 
MOAR! ] 
MOARIA 
JPLS 
MOAR 
AQMD 
MOARt] 
“3 aRta 
ARMS 
JPSR 
MAR 
45x8 
JPLS 
“OAR 
JJ“P 
M3AR 
“DAR'S 
MOAR'A 
ARFO' I 
ARXYBAIF 
AR~D 
“JARIX 
JIYP 
MOAR 
AQ“D 
MOAR'I 
“9aQia 
AR”“D 
JPSR 
MOAR 
MDAR'SB 
Axo | 
“9 AQ 
MOAE 
ARQY“S 
MOAR 
ARY*SD'! 


ARYBIF 
ARYD 
ARMD 
MDAR 
ARQ~D 
MDIR 


JJvP 
“949 
MOARIATL 
7777 
O44 
JPLS 
“DIR 
“OAR 
AR“) 
MOIR 


TWCNT 
TEMPO 
RD 

TEMPO 
TWONT 
TEMPO 


DATA] 
TEMP? 
TE“ee 
2x34 
NuMB1 
TEPa 
ave 
Re 
TruPa 
SNE 
¢¢3 
SNE 
“OVFG 
Tete 
MASK6 
NUM? 
su3e 
“OVFG 
SNE 
ee3 
NuMay 
3 
NuM51 
SNE 
MAS«K7 
TEMP? 


“EVES 
TeE“Pfa 
R1 
IXY 
NUuMed 
Tes“Pa 
MAS“6 
NuMeae 
Suse 
NUM31 
Cini 
TEP? 
aRATR 
THREE 
TEMP lL 
REFOYT 
TEMPY 


REFS 
TTYFS 
ONE 
REFGL 
REF 1 


° 
TEYPL 


TaEN 
eee 
CHECK 
SNE 
ERRFS 
CHECK 


whe 


CnORD IN OISPLAY LIST IS “SvEsSET “SVFS 


C “MAS«<78®7777677777 


C THiS PSSTISN HANDLES 4929 WITH FAL - 
C BIT SETCLAST «@29 CURRENTLY IN [™aGP) 


b) “MAKES SUNE 17 1S A SISTT 
TF AN ERROR IS DETECTED 





23e1 
e3e2 
2303 
2304 
2305 
2306 
2307 
e39{0 
O3eil 
eaeie 
e3e43 
23014 
23°15 
23016 
e3et7 
23020 
23eel 
23922 
e3ee3 
e3eo% 
e3025 
23°26 
23027 
23030 
230e31 
e3032e 
23°33 
23°34 
2335 
o3e36 
23037 
23040 
23e4l 
e3sehe 


24eot 

2402 

2403 

Chek 

2405 

2426 

C4e7 

24elC 
A4%ell 
ebete 
e4e13 
ches 
24%e15 
o4#el6 
o4ed7 
24220 
e4eel 
2422 
e423 
o4e224 
24.25 
24226 
26e27 
24.3C 
24631 
24232 
24033 
24034 
24e95 
24236 
24037 
24240 
che hl 
C42 
24043 
o4 s&s 
24085 
24046 
24047 
24250 
C4e5i 
24252 
24253 
24e5u 
24255 
24056 
24057 
24260 
24e6l 
24e6e 
24063 


C TRANSLATION FUNCTION 


rn nrm 


“wer 


TRANFGIeFLAG WHEN ZERB@ SHAWS A PBINT HAS BEEN SESIGNATED 
NUMBLeNUMBER T9 SURTRACT IN SYS82 

NUMBE@eNUMBER TA BE SUBTRACTED FRA” IN SUBe 

WBADReHEADER SF IMAGE DIRECTORY APEN 


ROUTINE HaS SUB2@ SUBTRACT SLO REFERENCE PAINT FROM POINT DESIGNATED = 
AS TRANSLATIA@AN DIRECTION AND DISTANCE ePRAGRAM ENTERS EVERY CYCLE AFTER 


C TRAN HIT S® [F POINTS NOT DESIGNATED YETs JUMP TE ENDL « 


TRANL$ 


TRAN2$ 


TRAN35 


ENDL? 


(SUBTRACT TWO PRINT ROUTINE 


C NUMBLeNUMBER T9 SUBTRACT 


JUMP 
MOAR 
JSLS 
MOAR 
JPLS 
MOAR 
AR™O 
JPSR 
JPSR 
MDAR 
JPLS 
MOAR 
MDAE 
ARMD 
MDAR 
AR™O'T 
ARXBOIF 
ARMD 
MOAR 
AR™D 
MOIR 


® 
TTYFG 
TTY: 
TRANFG) 
END1 
REFPT 
NUMS 4 
SuBe 
aBLE@P 
ICFG 
IMCLO 
WBAOR 
THREE 
TEMPe 
NUMBIL 
TEMP 


TRANFG 
@NE 
TRANFG1L 
TRANY 


C NUMB2eNUMBER SLUSTRACTED FRE™ 


C ROUTINE SUBTRACTS TWA PBINTS,HALF wORD AT A TIME,UPPER HALE IS X @ 
( CBRRD> AND LAWER HALF THE Y CABRDe 


SUBe: 


JUMP 
MOAR 
MDARIA 
AR“DO 
MDAR 
MOAR'A 
ARO 
MDAE'N 
ARMD 
MDxe 
JPLS 
ARXB'F 
ARMOD 
MOAR 
MDAR'A 
ARYO 
MDAR 
ARRS 
N@eP 
ARMO 
MOAR 
ARRS 
N8EP 
ARMO 
MOAE'N 
ARMO 
MOxé 
JPLS 
ARXO'F 
ARO 
MOAR 
ARLS 
NSSP 
MDAR'A 
MOAR'A 
AR*¥D 
MOxe 
JPLS 
ARXB'F 
AR™D 
MOIR 


NUMB YL 

MASK3 { “ASK€3*0000077776 
TEMP3 (ST9RE RP 

NUMS2 

MASK3 (AND MASK3 WITH LPI 
TEMPS CSTBRE IN TEMPS 
TEMPS 

TEMPS 

MZER6 

043 


TEMP 3 
TEMPS 
MASKS 
Teves 
NUMB1 
7, CRIGHT SHIFT 15 


TEMPS (STORE RP (O-14) IN TEMP (1529) 
NUMB2 
1? 


TEMeS 
TEMPS 
TEMPS 
MZER6 
| . 


TEMP4 
TEMPS 
17 


MASK C “ASK4®7777700000 

TEMPS C BR Dx (0-214) AND OY (15°29) 
NUMB1 

MZERG 

0¢3 


NUMBYL 
SUBe 


i 





aur wr 'wJFu we FF §& ff *¥ = 


ZENTERMeCHMUNTER TS COUNT J[NPUT DIGITS 

FACLeCELL weERE INPUT NUMBER FRPMED 

ERRFGeFLAG SET IN CKECK IF ERRQFR 

WBADReADRESS SF WEACER SF CIRECTSRY GF IMAGE BPEN 


ere rt 


C RAUTINE ACCEPTS TELETYPE DIGITS TS SET SCALE IN AVS FRI Oot 
C SENDS INPUTTED CHARS. TS CHECK FAR VERIFICATIONZIF ERR3R USER © 
C “UST INPUT ASAIN 


peor is 


JJYP e 
JPSR SAFST 

STRINGS ! 

INPUT UP 79 § SCTAL DISITSsNEGATIVE DIMINISHES 

ASAING: MO AREL 
Jun? 4AATTY 
ARMO SwTi 
JPSR siIcc 
AQ“S TEMPY 
“OXx8 FIFT 
JPLS ce 
MOAR Five 
MOAE'N ZCNTER 
JPAN 299~2 
MOAR Fey 
ARIS 3 
JUMP Lao e 

acs “JAR ZONTER 
“0x6 FIVE 
JPLS etc 
JJMP ERRER 
JPS& CHECK 
MDAR ERRFG 
JPLS ERRSR CIF ERRBR FLAG SET yuMP TS ER28R 
MIAR TEMP Y 
MOARA SFVEN 
“NAQ'9 Fact 
ARYC Fact 
MIARIX ZCNTER 
“3x0 FIVE 
JPLS eee 
JUMP AGAIN} 
“9a Fach 
ARLS J 
AR“) Faci 
JJMP AGAINI 

C 799" FUNCTION GONTe 

Z8O@”23 MIAR Fact 
ARLS 17 
yeep 
AR*D Fact 
JPSR aa_ee 
“DAR 1GFS 
JPLS “e868 

Z2: “ag a3AaD2 
MIAE §XE 
AR) TEMP 
MIARIT Teme 
MOAE Faet 
AR™“5 Faci 
MOAR ICFG 
SPLS 24 
MOAR MYSCL 
MOAEITN Fact 
JPAN 042 
gj “Pe 23 
MOAR “xXSCL 
meMO*] Tera 
JorP z5 

23: MOAR Fact 
JPAN e+e 
JUMP Z4 
MAR ZERS 
AQ“ONT TEMPS 
Ju~P ia 

Z43 “MOAR Fact 
ARMO'y] TEMP3 

iss ARXR IF 
AQ”) LENTER 
AQMD Fach 
ARMS ZES“FG 
wots Z55“1 

ERRORS JPSR SAFEST (C ERR°Q S® PRINT FOLLEAING STRING 

STRING ' 

TePUT JP T8 SeSseral DISITS {Ce37777) AND EC/R 

' 
ARXAIF 
Agee ERQES 
ARO ZCONTER 
Ane Fact 
oP ASAINY 

WAITS 9 C 09 NOTHING L899 AAITING FIR SICC @ 
JUvP eel C T9 FETCH A TELETYPE CHAR. 





ezat 

2702 

27-3 

27048 

2708 

2706 

2707 

2701C 
27eit 
27et2 
27033 
o7et4 
27015 
27°16 
27017 
274628 
A721 
27622 
27°23 
27024 
27625 
27026 
27927 
27°30 
27031 
27032 
27233 
?7034 
27035 
o7edé 
27037 
27¢4C 
27 eat 
27 ee2 
27043 
27 eee 
2704§ 
O7enb 
P7047 
27-§C 
270581 
27252 
2753 
27454 
27655 
27254 
27057 
2746C 
27061 
27062 
27263 
27064 
27065 


3Ce} 
3S02 
30¢3 
3te4 
3025 
306 
3007 
3 1¢ 
3oeii 
seeie2 
3Cet3 
Cet® 
36015 
W0t4 
City 
3302t 
Seek 
30022 
32023 
3o02% 
39-25 
39°26 
3022? 
30°33 
30e31 
39032 
30°33 
25036 
30°35 
30036 
30°37 
3006C 
WCeal 
3Ce42 
3C 043 
Seah 
5045 
3008S 
Sea? 
s€6S¢ 
32651 
0952 
33°53 
33°¢S* 
30265 
30°56 
3257 
30046 
32°61 
33°62 
30+63 
32°64 
33-65 


€ DASH FUNCTIAN 


C «aBADReADDRESS SF HEAD SF DIRECTSRY SF IMAGE 8PEN 


C ROUTINE LOADS CAWMASK IN IMAGE DIRECTSRY OF 


CASHIL! JUNP 
JPSR 
“OAR 
JPLS 

Os MOAR 
MAE 
ARO 
“3AR 
ARMD'] 
ARXAIF 
ARO 

FINIS: MOIR 


C IMAGE CLESEO RSUT INE 


Aa aaa rs 


Sy2>tsesa~e 4EATS SF SUFPIC 


rm 


IMCL MOAR 
ARMD 
“DAR 
MS AEMN 
JPA‘ 
MAR 
“3x8 
JPLS 
“SAR 
AR“ 
MOARIF 
AR”“D 
JIMP 

iw 1s MAR 
MOAEMN 
JEAN 
“XAR 
yx S 
JPLS 
“JAR 
ARS 
“ARIF 


C IMASE CLOSED 2357 eG a « 


AMC 
wiehmas 

lee’: VOARIE 
AR“ 
“JAR 
AR“D 


Tio. MOAR 
ARYS 
MOAR 
JPLS 
eae 
JJYP 
eee fs SIAR 
VPLS 
Ui 
Je 
ovals MAR 
vPES 
JJ¥P 
eer 
“13: “QAR 
JPLS 
woe 
JJ“P 
Le: MOAR 
AR*~D 
JPSR 
“AR 
ARrO'] 
JJ“P 


ICFSeFLAG awsICw 1S SET IN wB8LS8P 
IMCFEGeFLAG SNCE SET DIRECTS PROGRAM FLOW THREUGH IYCLS 
TSFGLeFLAS THAT SH94S SYEPICL IS YANIPULATED 
ICFG2eFLAG THAT SH8nS SUPPIC2 IS “ANIPULATED 
ICFSGSeFLAS THAT SHSaS SySPIC3 IS YANIPULATED 


e 

aBLl49P 
ICF%4 
IMCLE 
a8aDR 
FAR 
TEMP t 
DASH™ASK 
TE=Pt 


DASRFEG 
DASH! 


DJIRECTERIES 


ROUTINE CAUSES YANIPULATSRS T9 PPERATE 9v ENTIRE SUBPIC \8T JUST SNE 1¥AGE 
IMCL8 PSRTION HANDLES NECESSARY ACTION 3N SUBPICS FOR \AME,DASH,Z99% AND TRAN 


SNE 
IMCFG 
TBE T 
SEVEN 
ao 
T3cNT 
TEN 
Pet 
SKE 
ICFSt 
Sua>t 
MC 
Mic 
TSeXT 
SEVTEFN 
eek 
SiGe 
Two 
Tez 
S\E 
ICFS2 
SUBP2 


io 
hele 
SUBFS 
pes 
SNE 
I¢rG3 


iMG 
aB8ate 
NAMEFS 
eo? 
P42 
N6 
DAaSels 
eo? 
Mie 
Dy 
Pa6"FS 
eo? 
I=13 
Z2 
TRANFS 
eee 
r-14 
TRAN 
LAS 
NUM31 
SUS82 
NUM3ti 
ie 


R3 


C IMCL PORTION HANOLES THE ACTIONS RESUIRED FER SPERATING 
C SN THE wHSLE SUBPIC FOR CRVEC 


Me iaits MOAR 
wes 
Joe 
wSAR 
MOAE PN 
JOAN 
UJVP 
WOARIF 
AR“) 
vuvP 

[$1 “5aRr 
J°LS 
JJ@F 
“aR 
wWIXAEEN 
JPat. 


IcrGt 
2eo2 
Peet 
3enT 
SEVEN 
e¢2 
Lan 
SuBPt 
ad 
Ivcic 
Pckse 
eo? 
“ee 
3cnT 
SEVEN 
V2 


She, 


BPEN IMAGE AND RESETS JASHFG 


ve ICH SHOeS ALL IMAGES ARE CLOSED 


= 








a 0} 

3ie2 

31¢3 

Sle’ 

31 

3ie6 

31le7 

31°10 
Sie} 
3let2 
31613 
34°14 
g2si5 
31°16 
3217 
31¢0¢2C 
31¢21 
31e22 
3123 
31e2% 
Sieet 
3126 
3127 
31°30 
3131 
3ie3e 
31°33 
3134 
32¢35 
3136 
31037 
31040 
3ie4} 
Jieae 
31043 
31¢44 
32045 
3146 
31¢47 
3150 
31°51 
31¢52 
31°53 
3154 
31055 
3256 
31°57 
3160 
31°61 
3iebe 
31¢63 
3164 
3165 
see} 

322 

3203 

Jou 

325 

3296 

2207 

3203C 
32etl 
3eet2 
32013 
3201s 
32°¢15 
3236 
32e17 
3220 
32eel 
32022 
32023 
3228 
32025 
3226 
32927 
32030 
32031 
3ee3e 
3233 
32434 
32035 
32 ¢36 
3237 
3eeaC 
3cee4) 
3ce4e 


C IMAGE CLOSED RGUTINE CANT. 


“OAR 
MOAEEN 
JPAN 
JyMP 
MOARIF 
AR™O 
JUMP 
MDAR 
veES 
JuMe 
MOAR 
MOAEMN 
JPAK 
MOARIF 
AR“) 
MOARIT Ty 
ARRS 
Nssp 
AR”D 
MDAE I *x 
ARRS 
\89p 
ARMDH 
MOAR 
MOAE 
ARO 
JPAN 
MOAEIN 
JPAN 
MOAR 
AR™5 
JJ“P 
ARXBtE 
AR} 
“OAR 
ARLS 
N98p 
ARMS 
“011 
MBU6t!I'yx 
“SARIX 
MOAR!T 'X 
ARARTN 
AQ“) 
MOARtIT! x 
AQ5 

JP SR 
MOC? 
MOAR'I'Y 
AR“D 
421620 

C IMAGE CLOSED R8UTI*E CANT. 


Pee $ 


PMG10$ 


Ju¥P 
C LIGHT PEN HANDLER FOR TExT 
CSuNT 


TROEROe TRACK CSARDINATES 49F 


XN PNW 


La 1 ae | 


BCNT 
SEVTEEN 
eee 
Ige 
SUBP?2 
Ime 
IMC10 
ICFG3 
eee 

Ve 

BCNT 
SFVTEEN 
Ve 


$u3°3 
ne 
TEMPS 
17 


TEMPE 
IMC 
17 


TEMP? 
TEMPE 
TEMP 
TEMP d 
e#1C 
“XSCL 
06 

“xSC1 
TeEMPy 
903 


TEMP? 
TEMPY 
7 


TEP} 
TE™P] 
TEP4 
Ie 


Lee 


NuMad 
TEMPS 
\NUME Ce 
Suse 
NUM81 
Ls 

Tee i 
TEMP) 


V3 


CSUNTeCS8UNTER FAR NUMBER @F POINTS IN DESPT 


CURS8R 


CURFGeFLAG SET T9 QRAW CURSAR 
DATAL*®HEADER F9R OISPLAY LIST 


ROUTINE HANILES LIGHT Pex MITS ON THE TEXT LINES 6F Tye 
TS INCREMENTED IN EAD SF TEx? MANILERe COUNT DETER“ INES 


C PICKED AND THEN APPREPRIATE FLAGS SETe 


LPLERS 0 
AR™D 
M910%a 
MOAR 
ARMD 
ARXAIF 
AR“D 
MDAR 
“oKe 
w=LS 
MIAR 
ARMD 
ARMD 
ARXBIF 
ARMD 
JJ“P 


LPSAV 
“MASK2 
TXC'T} 
TXEAT 


LPFLG 
TRENT 
SNE 

a 

BNE 
LINES 
CURFSG 


COUNT 
JP 


lOO 


TXENTeCOUNTER FBR wee! TEXT . Ive AAS SEINS DRAWN HEN LIGHT PEN WIT 


MENU, CBUNTER 
NHICH FUNCTISN e 








3301 

33°2 

333 

3304 

3305 

336 

33°7 

33°1C 
330% 
3342 
3343 
33e 4 
33°45 
33°36 
33°17 
33-20 
332i 
33°22 
33°23 
33024 
33°25 
33°26 
33°27 
33°30 
33°31 
3332 
33°33 
33°34 
33-35 
33°36 
3337 
3340 
33¢4} 
33042 
33043 
33044 
33¢85 
33046 
33047 
33250 
33e¢5i 
33°52 
33°53 
33054 
33°55 
33°56 
33°57 
33°60 
34ef 

Z4e2 

34e3 

3404 

3405 

346 

3407 

34et CS 
34et1 
Z4et2 
34ei3 
34e ds 
34et5 
34et6 
Jeet? 
34020 
J4e2t 
34e22 
34023 
3402s 
34225 
34026 
34027 
34.30 
34e31 
34032 
34°33 
34034 
34295 
3436 
34237 
34080 
J4eul 
Jeeue 
34043 
34044 
34045 
34e&5 
34047 
34e5C 
345} 
3452 
34083 
3454 


C TEXT LIGHT PEN HANOLER C@NTe 


Jit 


Je: 


J&: 


CTEXT LIGHT CEN KANDLER COANTe 


J63 


J73 


Ji03 


{C ENO OF LIST HANOLER 


MOAR 
MOXx8 
JPLS 
JPSR 
MOAR 
ARMO 
JUMP 


MOAR 
“Oxe 
JPLS 
JPSR 
MOAR 
ARMO 
ARMD 
MOAR 
ARMO 
JUMP 


MSAR 
MOxe 
JPLS 
JPSR 
MOAR 
ARMvD 


“ARYD 


MAR 
AR™O 
JuMP 


MOAR 
M4 x0 
JPLS 
JPSR 
MOAR 
ARMD 
JUMP 


MOAR 
“OXx6 
JPLS 
JPSR 
MOAR 
ARMO 
JUMP 


MAR 
“Oxe 
JPLS 
JPSR 
MOARIX 
ARXOIF 
ARMS 
JUMP 


MDAR 
“9x9 
JPLS 
JPSR 
MOAR 
ARO 
ARXOTF 
ARMO 
JuvP 


MDAQ 
Mx6 
JPLS 
MOAR 
ARMD 
ARX8'F 
ARMD 
MDAR 
JUMP 


TXCNT 
Twe 

Je 
LINE? 
SNE 
ERASEF 
JP 


TXENT 
THREE 
J 
LINE? 
ONE 
CURFG 
REFG 
REFPT 
TRCERO 
JP 


TXERT 
FSUR 
Ja 
LINE? 
SNE 
TRANFS 
CURFS 
REFOET 
TRERD 
JP 


TXCNT 
FIVE 
J§ 
LINE’ 
ONE 
DASHFG 
JP 


TXENT 
S1x 

J6 
LINE 
ONE 
feo 6G 
JP 


TX“NT 
SEVEN 
J7 
LINET 
FRAMEE 


C8UNT 
JP 


TXE37 
TEN 
Ji0 
CiNeY 
SNE 
NAMEFS 


CAUNT 
JP 


tees 
ELEVEN 
JP 

ONE 
TTYFG 


CURFG 
LPSAV 
LPLER 


C ROUTINE SETS END OF LIST FLAG T9 
C LA@SPING AND DRAW THE NEXT [MAZE 


ESLER: 


0 

ARMD 
ARwO'S 
MOAR 
Jum! 


Sari 
E@LFG 
SAR} 
ESLER 


G 


~ 
| 


A °0 S@ THAT ORVECS wILL STSP - 


- 





3504 C FRAME CLOCK HANDLER 


352 

35¢3 C ROUTINE HANDLES FRAME CLEACK INTERRUPTSsIF IMAGE DBNE FLAG (IDFLG) e 
3504 C IS SET JUMP T@ DTEXT AND REFRESH,IF NOT JUMP RIGHT BACK T8 THE oe 
2°? C FRAMECL8CK SCCURRED 

356 

357 FCLERS 0 

3510 ARMD SAR3 
gaeti MOAR IOFLG 
35e1¢e JPLS 0¢3 

soe 13 MDAR SAR3 
35e14 JUMP HY FCLER 
gpe15 MDAR LPFLSG 
3516 wJPLS 42 
35047 MDAR!X LPCNT 
3520 MOAR FCLER 
35¢e1 MDARIA MASKS 
35°22 MDAR'® MASKB 
35°23 ARMD OTEXT 
35024 MDARIF OTEXTel 
35025 ARMD FCLER 
3526 MOAR SAR3 
35027 ARMD SAYEAR 
35230 JUMP IT FCLER 
35-31 

3532 C END 8F TEXT STRING WANDLER 

35°33 

g2°o* C TXCNTe*CBEUNTER KHICH IS INCREMENTED AFTER EVERY STRING 
3503 

3536 CRBUTINE JUSTS INCREMENTS A TEXT HANDLER S& WHEN A LIGHT PEN PICK © 
35037 C OCCURS LPLER CAN DETERMINE WHICH FUNCTION WAS SELECTEDeSENDS LCG = 
35040 C T8 NEXT STRING UNLESS FINISHED WHICH IN THAT CASE SENDS CONTROL TS eo 
3541 (C ORVEC TS DRAW VECTESRSe 

3542 

35043 TXLER: 0 

35044 ARMD SARC 
9545 MBDAR'X TXENT 1 
35046 MOx8 TWELVE 
35047 JPEs JMP6 
9550 MDIOINA MASKe 
95251 MOAR §NE 
35*¢5e AR™D TXGNT 
35°53 MOAR TXLER 
35054 MOARIA MASK5 
35°55 MDAR'S§ MASK8 
3556 ARMD ORVEC 
35057 MOARIF DRVEC ol 
35060 ARMD TXLER 
35+61 MOAR SARC 
35062 ARKO SAVAR 
35°63 JUMP HY TXLER 
95064 

3604 (C TEXT HANOLER C8NTe 

3602 

363 JMP63 MOAR INC TXT 
3604 MOAE FAUR 

3605 ARMOD INCTXT 
366 AR™D 77735 
3607 MDICIA CM14 
36010 MDIC'O TEN 
36044 MOAR SARe 
36012 JUMP TT TXLER 
36¢13 

36044 

96015 C RESET LINE FLAGS ROUTINE 

36e16 

36e17 ( R@UTINE TA TURN BFF CURSER AND LINE FUNCTION FLAGS 
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